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Abstract 
Most closed landfills in Hong Kong have been developed into a containment 
form so that it is likely that the cover soils of these sites are no longer affected by 
landfill factors such as landfill gas and leachate. However, it is not known which 
types of native tree species (these are currently under-utilized) can be planted on 
the low-grade cover soil used for landfill revegetation。 There is a paucity of 
information on the establishment of native species on the landfills of Hong Kong 
and Southern China. Therefore, the aim of the present study is to explore and 
widen the choice of native species for revegetating these landfills, as well as 
improving tree species performance by human management. 
In the first part of the thesis, soil conditions of one “recently restored" 
landfill (Tseung Kwan O Landfill (TKO)) were studied with the reference to an 
“old’’ landfill (Pillar Point Valley Landfill (PPV)) to confirm the absence of 
landfill factors and provide the background soil information. The landfill gas 
problem was more severe on PPV than TKO。 Better soil development occurred 
on the two sites of T K O (TG98 & TT99) than the other site of PPV (PG97), as 
reflected by the higher organic matter and nutrient contents. In general, soils 
from all three sites were all acidic, and poor in organic matter and nutrients. 
Twenty native and two exotic species were studied for their drought 
resistance in a greenhouse pot trial. Twelve species, including Cyclobalanopsis 
neglect a, Machilus velutina, Reevesia thyrsoidea, Schefflera octophyllci, Litsea 
glutinosa, Ormosia emarginata, Ormosia p achy car pa, Scolopia chinensis, Schima 
superba, Sterculia lanceolata, Cinnamomum camphora and Ficus microcarpa 
were evaluated as more drought resistant, in terms of chlorophyll fluorescene 
(Fv/Fm value) and standing leaf number. Species having the features of being 
common and/or recommended in afforestation, are more likely to be drought 
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resistant 
The third part of the research was a yearly field trial conducted on TKO; 
eleven of the twelve previously screened drought resistant native species were 
planted. S. chinensis, with high survival and growth rates was a species with 
high potential for revegetation. Those native species {L. glutinosa, F.. 
microcarpa, S. superba and S. lanceolata) that performed better in at least one of 
three categories (survival, growth or ecophysiological responses) were also 
suitable for revegetation. 
Ill the fourth part, the eleven species were evaluated using four management 
practices in a greenhouse trial. The results suggest that fertilizer application 
could improve native species performance, whilst the negative effect from 
co-planted bermudagrass (Cynodon dactylon) would be apparent once they 
compete for nutrients following establishment. Moreover, the beneficial effect 
of fertilizer on native seedlings diminished gradually and was not long lasting. 
This indicates the need for repeated applications. Manure compost exerted 
negligible effect on seedling growth under the tested application rate, which 
suggests that a much larger dose should be used to get an equivalent effect to that 
of fertilizer. 
The last part of the research is another field trial conducted on T K O with a 
study of two-year old saplings of nine native and two exotic tree species. 
Liquidamber formosana, Ficus micro carp a, Schefflera octophylla and Schimci 
superba were better native candidates for revegetation with better survival, 
growth and ecophysiological performance. Comparison of plants of different 
ages suggests that the first few years after transplantation would be the most 
critical for the successful establishment of the native species. 
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：筒要 
近年來，香港大部份的堆塡區即將或已被改建爲新修復堆塡區,預計地表 
土壤的堆塡氣及滲漏液問題將大爲減少。另一方面，有關可以種植在貧瘠土 
壤的本地原生樹木的資料十分少，而關於適合本港及南中國堆塡區的原生品 
種的資料則更加缺乏。故此，本專題硏究旨在找尋及增加適合此類堆塡區栽 
種之原生品種，以及利用林木管理方法提高原生品種的適應能力。 
第一部份對一個新修復堆塡區（將軍澳堆塡區）及一個舊式堆塡區（望 
后石堆塡區）的土壤作出了分析比較。硏究發現堆塡區氣體問題在舊式堆塡 
區嚴重很多，而新修復堆塡區的土壤發育則比較快（有較高的全氮及有機物 
含量）。另外，兩個堆塡區的土壤爲酸性，有機物及養份的含量偏低。 
第二部份爲一個樹木耐旱性的實驗，選擇了二十種原生及二種外來品種 
作硏究。就Fv/Fm値及樹葉總數計算，其中十二種原生品種有較高的耐旱性’ 
^^宇舌个々 胃才樂 Cyclobalanopsis neglect a、糸戎才南 Machilus velutina�才変 ilSf Reevesia 
thyrsoidea、甲鳥胎|]木 Schefflera ocwphylla、濃槁樹 Litsea glutinosa、凹葉糸工豆 
Ormosia emarginata、营英糸工豆 Ormosia p achy carp a�束 fj 格 Scolopia chinensis� 
木柯 Schima superba ^ {Pl^^ Sterculia lanceolata ^ Cinnamomum camphora 
及細葉榕Ficus microcarpa。一般而言，常見的、及/或被推薦在植林用的品 
種較多爲耐旱的。 
第三部份爲一實地種植試驗，將十一種前述的耐旱原生品種樹苗種植在 
一 個 新 修 復 堆 塡 區 （ 將 軍 澳 堆 塡 區 ） 上 。 其 中 剌 柊 的 生 長 
速度快及存活率高，十分適合栽種在新式堆塡區。另外，一些在生長速度、 
存活率或生理效能較高的品種例如潺槁樹Litsea glutinosa、細葉榕Fwus 
microcarpa、木柯 Schima superba 及4段蘋婆 Sterculia lanceolata 亦比較適合在 
iii 
此類堆塡區的應用。 
第四部份爲一溫室種植試驗，利用四種不同的林木管理方法管理十一種 
前述的耐旱原生品種的樹苗。結果顯示施肥能有效提高原生品種的生長率及 
生理效能，然而，伴生草因作出競爭而減低了肥料效能。此外肥料的效能隨 
時間減退，並不持久，反映了追肥的必要。最後，本實驗中的堆肥施放量並 
不足以提高樹苗的生長，反映更大的堆肥施放量才能達致本實驗所用的肥料 
之效能。 
最後一部份對九種栽種在將軍澳堆塡區已兩年的原生品種作出硏究，結 
果晷頁示楓香Liquidamher formosana、系田葉格Ficus micro carp a 、甲鳥照|]木 
Schefflera octophylla及fi蘋婆Sterculia lanceolata等品種有較高的生長率、成 
活率及生理效能，故比較適合栽種在新修復堆塡區。另外，在比較不同年齡 
樹苗的數據之後，發現樹苗種植在堆塡區後的頭數年的成活率對其後在堆塡 
區生長表現有決定性的影響。 
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Chapter 1 Introduction 
1.1 Waste management in Hong Kong 
Hong Kong, like many other developed cities, has its wasteloads growing 
continuously with its population and economy. In 2000, an average of 17,910 
tonnes of municipal solid wastes were disposed of at our landfills every day. 
These wastes consisted mainly of domestic wastes as well as construction and 
demolition wastes (Environmental Protection Department, 2001)(Figure 1.1). 
With the revised strategy for municipal solid waste disposal, as introduced by 
the Waste Disposal Plan (1989), old waste facilities such as incinerators were 
phased out (Environmental Protection Department, 2001). Landfilling has been 
used as the major disposal method of solid wastes, with a network of eight refuse 
transfer stations (2 more will be commissioned in 2005 and 2007). 
The enormous amount of wastes had already filled up 13 landfills m Hong 
Kong. These landfills were closed and occupy a total area of 295 hectares. On 
the other hand, there are three operating strategic landfills which are located in the 
remote area of the New Territories and cover an area of 273 hectares 
(Environmental Protection Department, 2001)(Figure 1.2). 
1.2 Landfilling 
1.2.1 Definition 
Landfilling can be defined as "the engineered deposit of waste onto and into 
land in such a way that pollution or harm to the environment is prevented and 
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Figure 1.1 Quantities of major types of solid waste disposed of 1990-2000 
(Environmental Protection Department, 2001). 
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Figure 1.2 Location of sanitary landfills in Hong Kong (Environmental Protection 
Department, 2001). 
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through restoration, land provided may be used for another purpose" (Westlake, 
1995). It is simply “a method of disposing solid wastes on land in a manner that 
minimizes environmental hazards and nuisances" (Qasim et al., 1994). 
To fulfill the aim of minimizing harm to the environment, it requires 
effective landfill design, control of waste degradation and post-closure 
management (Westlake, 1995). 
1.2.2 Landfill design 
Landfill design has changed substantially due to technical innovation and 
increasing environmental need. Sanitary landfills can be recognized as three 
major principles of landfill design: "dilution and attenution", "containment" and 
“entombment” (Westlake, 1995). "Dilution and attenution" is the principle of 
landfill disposal for unconfined sites, with little or no engineering of the site 
boundary, in which leachate and landfill gas formed within the waste can migrate 
into the surrounding environment. The containment principle of landfill requires 
a much greater degree of site design, engineering and management, and exercises 
some degree of control over the hazards associated with the disposal of wastes to 
landfill. The releasing rate of leachate into the environment should be extremely 
low, and the polluting species escaped should be kept at or below acceptable 
concentration (Skitt, 1992; Westlake, 1995). Entombment landfill is based upon 
the principle of containment landfill, but attempts to further prevent the 
infiltration of liquids, thereby storing the waste permanently in a relatively dry 
form (Westlake, 1995). 
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In Hong Kong, the original designs of 13 closed landfills lay between the 
dilution and attenution principle and containment principle, where engineering 
control over gas and leachate generation was minimum. The three operating 
strategic landfills are managed based on the containment principle (Environmental 
Protection Department, 1995). 
Since the early 1990s, there was a growing environmental concern on the 
restoration of the closed landfills by installing advance works such as 
geomembrane, leachate collection drains, landfill gas venting trench and leachate 
treatment works (Environmental Protection Department, 2000)(Figure 1.3), in 
order to reduce, collect, dilute and/or treat the landfill leachate and gas before they 
enter the surrounding environment. These actions have provided a more 
promising protection to the surrounding areas of landfills against the threats of 
landfill leachate and gas. 
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Figure 1.3 Schedule of landfill restoration in Hong Kong (Environmental 
Protection Department, 2000). 
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1.2.3 Waste degradation 
Besides using as dumping and storage sites for wastes, landfills also act as 
bioreactors in which the biodegradable wastes are continuously decomposed 
under the anaerobic condition in the enclosed environment by microbial activities 
(Westlake, 1995). 
1.2.3.1 Landfill leachate 
Leachate is one of the major by-products of waste decomposition, which is 
generated as a result of the percolation of water or other liquid through the waste 
and the squeezing of the wastes (Figure 1.4). It is a contaminated liquid that 
contains a number of dissolved and suspended materials (Amalendu, 1989), which 
are associated with the wastes disposed of in the landfills and the by-products of 
chemical and biological reactions (Anderottola & Cannas, 1992; Reinhart & 
Townsend, 1998)(Table 1.1). In general, leachate composition can be related to 
Precipitation 
I Y T I 
V i 土 J i i ”十 Evapotranspiratfon 
Surface Runoff 
Percolation into Waste ^ ^ ^ 
/ \ / 醫 A 狐 
TTTVT 
Leachate 
Figure 1.4 Generation of landfill leachate (Amalendu, 1989). 
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Table 1.1 Typical composition of leachate from new and mature landfills 
(Tchobanogious et al., 1994). 
Value (mg/f) 
N e w landfill Mature landfill 
(<2 years) (>10 years) 
Parameter Range*" Typicar Range'' 
5-day biochemical oxygen demand 1500-20000 6000 80-160 
Total organic carbon 3000-60000 18000 100-500 
Chemical oxygen demand 200-2000 500 100-400 
Total suspended solids 10-800 200 80-120 
Organic nitrogen 10-800 200 20-40 
Ammonia nitrogen 5-40 25 5-10 
Nitrate 5-100 30 5-80 
Total phosphorus 4-80 20 4-8 
Ortho phosphorus 1000-10000 3000 200-1000 
Alkalinity as CaCOs 4.4-7.5 6 6.6-7.5 
Total hardness as CaCOs 300-10000 3500 200-500 
Calcium 200-3000 1000 100-400 
Magnesium 50-1500 250 50-200 
Potassium 200-1000 300 50-400 
Sodium 200-2500 500 100-200 
Chloride 20-3000 500 100-400 
Sulfate 50-1000 300 20-50 
Total Iron 50-1200 ^ 20-200 
'^ Except pH, which has no units. 
'^ Representative range of values. Higher maximum values have been reported m 
the literature for some of the parameters. 
'^ Typical values for new landfills will vary with the metabolic state of the landfill. 
five sequential and distinct phases according to the progress of waste 
decomposition (Figures 1.4, 1.5a & b). However, the actual leachate 
composition and duration of different phases are affected by refuse composition, 
age of landfill, depth of wastes, final cover condition, climate, and the availability 
of moisture and oxygen (Amalendu, 1989; Qian et al., 2002). 
1.2.3.2 Landfill gas 
Landfill gas is generated as a result of anaerobic degradation of organic 
waste. It is mainly composed of methane and carbon dioxide, plus trace amount 
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Figure 1.5 Illustration of developments in landfill leachate and gas in a landfill 
cell. Phase I represents aerobic degradation phase; Phase II is anaerobic acid 
fermentation phase; Phases III, IV and V represent initial methanogenic phase, 
stable methanogenic phase and air intrusion phase respectively (Andreottola et ciL, 
1992). 
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of organic gases and vapors (Dobson & Moffat, 1993; Christensen et al., 
1996)(Table 1.2). Gas composition varies with different sites and is governed by 
similar factors affecting leachate composition. Similarly, it is related to the five 
distinct phases according to the progress of waste degradation (Anderottola & 
C annas, 1992)(Figure 1.5c). 
Table 1.2 Typical landfill gas composition (% volume)(Westlake, 1995). 
Parameter Typical value Observed 
(mature refuse) maximum  
Methane 77J 
Carbon dioxide 33.6 89.3 
Oxygen 0.16 20.9 
Nitrogen 2.4 80.3 
Hydrogen <0.05 21.1 
Carbon monoxide <0.001 -
Saturated hydrocarbons 0.005 0.074 
Unsaturated hydrocarbons 0.009 0.048 
Halogenated compounds 0.00002 0.032 
Hydrogen sulfide 0.00002 0.0014 
Organosulfur compounds <0.00001 0.028 
Alcohols <0.00001 0.127 
Others (not included above) 0.00005 0.023 
1,2.3.3 Effective control of degraded by-products 
Owing to the highly complex and toxic nature of leachate and landfill gas, 
modem landfills often process various facilities to collect and treat them before 
discharging them to the environment (Figure 1.6). Usually, landfill leachate is 
collected from above the impermeable liner through the use of collection pipes 
and is treated in a treatment plant or recirculated back to the landfill (Koemer & 
Daniel, 1997). Landfill gas is extracted by wells for being utilized as a fuel or 
passively vented to the atmosphere through vent pipes (Environmental Protection 
Department, 1997). 
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Figure 1.6 Cross section of a typical restored local landfill (Environmental 
Protection Department, 2002). 1: leachate treatment plant; 2: landfill gas 
flanng/utilization plant; 3: leachate/gas extracting facilities; 4: leachate header; 5: 
gas heater; 6: recreational or other beneficial use; 7: gas venting trench; 8: 
leachate level; 9: Drainage layer; 10: capping system. 
1.2.4 General practices after completion of landfills 
1.2.4.1 Final capping system 
After landfilling of wastes is completed, a final layer is laid on the top to 
cover the site. The purpose of the cover is to minimize the infiltration of water 
into the landfill, thereby minimizing leachate generation (Amalendu, 1989; 
Othman et al., 1995). Figure 1.7 shown a typical capping system which consists 
of five layers. The bottom layer is a grading layer which provides a stable base 
for other layers above and facilitate landfill gas venting. The second layer 
provides a barrier for water infiltration; it can be clay or synthetic membrane 
which is low in water permeability. The third layer, called drainage layer, 
provides drainage for the forth and fifth layers. The uppermost two layers, 
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namely the protective layer and the top soil layer, protect the barrier layer from 
freeze-thaw and desiccation cracks and provide a medium for plant root growth 
(Amalendu, 1989). For the 13 closed landfills in Hong Kong (12 restored 
recently and 1 to restored in 2003), the barrier layer is a synthetic "geomembrane", 
while the drainage layer consists of "geonet" and "filtration geotextile" 
(Environmental Protection Department, 2002)(Figure 1.8). 
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Figure 1.7 Cross section of a typical top lining system (Amalendu, 1989). 
FiUraiion General Cover Layer 
、：)c、j ； t A u.；； Geo 丨.丫 >e m brane  
•編_:麗壓|:_議鍾圓^  
」___鍾_觀:觀 ... 
妻I 
Final intermediate Cover Cusmon 
Geotextile 
Figure 1.8 Capping system of restored landfills in Hong Kong (Environmental 
Protection Department, 2002). 
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The capping system facilitates the control and collection of landfill gas by 
installing vents, wells and trenches that either actively (using pumps) or passively 
vent within the capping system (Figure 1.6). 
1.2.4.2 Revegetation on fin a! cover 
After installing the final capping system, landfills are usually revegetated for 
both erosion control and amenity purposes (Gray & Leiser，1982). The 
established vegetation improves the stability of the landfill slopes and reduces 
leachate production by increasing evapotranspiration (Amalendu, 1989). 
1.2.4.3 Post-closure management 
After revegetation of the final cover, the landfill is still potentially threatened 
by stress on vegetation due to landfill gas and leachate, erosion due to surface 
runoff, and uneven settlement due to decomposition (Amalendu, 1989). 
Therefore, post-closure management or maintenance of completed landfills is 
essential for successful restoration (Choi, 2000). The first several years after 
revegetation by hydroseeding or planting is critical to future development as 
majority of plants will fail to establish in this period if they are not adequately 
maintained. Amalendu (1989) has suggested a monitoring period of 15-20 years, 
during which fertilizers can be applied and dead plants can be replaced (Zacharias, 
1995). Other management practices include proper repair measures for 
rainwater and leachate drainage systems, and landfill gas vents, together with 
frequent monitoring of settlement, landfill gas and leachate. 
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1.2.4.4 Afteruses 
Aftemses for landfill are largely dictated by local needs and the political 
community (Oilman et al., 1985). Commonly, they are used as green zones, 
recreational uses or abandoned lands. In Hong Kong, as areas for recreational 
purposes are limited and these closed landfills occupy a total 1.6% of the urban 
area, they are especially attractive for development of recreational facilities (Webb, 
1991). Therefore, golf courses, multi-purpose grass pitches, rest gardens, 
ecological parks are being planned at these landfills (Table 1.3). In 1999, a golf 
driving range was opened on the Shuen Wan Landfill (Environmental Protection 
Department, 2002)(Plate 1.1). 
Table 1.3 Proposed and tentative afteruse of closed landfills in Hong Kong 
(Environmental Protection Department, 2002). 
Landfill site Proposed and tentative afteruse  
Shuen W a n A 145-bay temporary golf driving range has been 
opened for use by the public since April 1999. 
Upgrading of the existing driving range to a 9-hole 
golf course being planned. 
Sai Tso W a n Multi-purpose grass pitch for soccer and baseball. 
Jordan Valley Ecological park, model car circuit, education centre, 
natural turf pitch for gateball and archery. 
Tseung Kwan O Stage I Multi-purpose grass pitches, model car racing tracks 
Gin Drinkers Bay Recreational park 
M a Yau Tong Central Rest garden 
M a Yau Tong West Rest garden 
Ngau Chi W a n Recreational park with rest garden 
M a Tso Lung Youth camp site 
Siu Lang Shui Currently as green zone 
Tseung Kwan O Stage II/III Currently as green zone 
Ngau Tarn Mei Currently as green zone 
Pillar Point Valley Currently as green zone  
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Plate 1.1 A golf diving range located on the Shuen W a n Landfill (Environmental 
Protection Department, 2002). 
1.3 Reclamation of closed landfills 
Revegetation has been used as a general reclamation practice for closed 
landfills (Zacharias, 1995). Different species are planted which serve to fulfill 
different ultimate ecological goals and fit different aftemses. To reclaim a closed 
landfill successfully, the first step is to select its afteruse (Gilman et al., 1995), 
and set the ultimate ecological goal(s) that we would like to achieve. Afterwards, 
we should identify if there is any major limitation of the site that would require 
special treatment and finally decide which species should be put back (Bradshaw, 
1998). 
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1.3.1 Selecting afteruse and setting ultimate ecological goal of a closed landfill 
The afteruse of a completed landfill is mainly decided by the local authority, 
which is based on local needs, public concerns and financial funding. Once it 
has been chosen, the following steps of reclamation would be much easier 
(Gilman et al., 1985). If it is to be an ecological park, where restoration of the 
pre-existing ecosystem is required, then great care and investments will have to be 
taken, which include time, money, aftercare and maintenance. If a green zone is 
expected, there is no more to do except hydro seeding and leaving it for the 
processes of natural succession (Gilman et al., 1985; Bradshaw, 1997, 1998 and 
2000) 
1,3.1.1 Important considerations on landfill reclamation 
In setting the aft ems es and ecological goals, the following are important 
considerations: speed of attainment, cost, reliability in attainment and need of 
aftercare (implying no or minimum maintenance of the final product). Except 
for speed, nature meets these criteria unassisted through natural succession 
(Bradshaw, 1993). However, we cannot just leave it to nature as usually only 
two or three years are allowed for creating a vegetation cover in the local 
landscape practices; rather, we should assist it artificially. The starting point to 
assist land reclamation, at the same time to meet the four criteria, is to understand 
ecosystem development which is the major process of reclamation. 
1.3.1.2 Land reclamation and ecosystem development 
Reclamation of degraded land can be distinguished into different forms and it 
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can be related to the initial state of a degraded land, the desired endpoint, and the 
process of ecosystem development. Ecosystem development can be illustrated 
graphically by a change in function and structure (Figure 1.9) as proposed by 
Magnuson et al (1980) and modified by Bradshaw (1984), in which the two 
dimension can be quantified. In natural succession there is an increase in both 
dimensions. 
When ecosystems are degraded by human activities such as mining, 
landfilling and quarrying, there is reduction in both dimensions, perhaps almost to 
zero. There are four types of ecosystem repair options for these degraded lands, 
namely, restoration, rehabilitation, replacement and further degradation (Bradshaw, 
1984; Lugo, 1988; Bradshaw, 1993; Brown and Lugo, 1994). 
The recovery of the degraded ecosystem to its original state wuh exactly the 
same composition or functions, is termed restoration. Restoration may not 
always be completely successful due to changing environmental factors. 
Rehabilitation is therefore defined as the return of a damaged or degraded 
ecosystem to a functional one, which assembles the route of restoration. 
Replacement happens when an alternative to the original ecosystem is produced. 
This can be simple in structure but more productive (e.g. the replacement of 
woodland by agriculture grassland) or less productive (e.g. the replacement of 
woodland by amenity grassland). Finally, further degradation can result when 
the land receives no remedy and suffers continuous stress. (Lugo, 1988; Bradshaw, 
1993). 
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Figure 1.9 Ecosystem development on degraded lands (Bradshaw, 1984). 
1.3.1.3 Choice in Hong Kong 
Replacement is always achieved in the ecological development on closed 
landfills 111 Hong Kong due to difficulty in transforming the landfill sites to its 
original geomorphology. Moreover, exotic species such as Acacia confusa, 
Acacia auriculiformis, Acacia magium, Lophostemon confertus and Eucalyptus 
torelliana were planted extensively on these landfills for their more promising 
performance (Webb, 1991). The planted species directed the development of 
landfill ecosystems, which are different in species diversity and composition from 
the surrounding native ecosystems. 
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1.3.2 Limitations to revegetation 
Completed landfills in Hong Kong are being developed into golf courses, 
green zones, ecological parks and other recreational uses. A critical factor in 
achieving one of these land uses is establishing and maintaining an effective stand 
on the final cover soil (Gilman et al., 1985). However, the success of 
revegetation is not always guaranteed and poor growth of planted species is 
frequently recorded, which is probably related to the poor soil status prevailing on 
the landfill sites (Flower et al., 1981; Leone et al., 1983; Wong & Yu, 1989a; 
Chan et al, 1997). 
1.3.2.1 Physical problems 
The cover soil of landfills is mainly imported from borrow areas where soil 
is excavated for use as fill or covering materials in engineering projects (Tsang, 
1997). However, the soil is often very poor in physical properties as it is mainly 
undeveloped subsoil which hinders normal growth of vegetation. The soil 
initially has low organic content to aggregate the particles into a crumb structure, 
which results in high bulk density, and low porosity to retain water and to 
facilitate soil aeration and exploitation by tree roots (Bradshaw & Chadwick, 1980; 
Dobson & Moffat, 1993). 
The problem is further exacerbated by compaction which results from the use 
of heavy machinery (e.g. earthscraper) during reclamation. Since it can directly 
reduce pore space, aeration, water holding capacity, gaseous exchange and root 
penetration, it also causes stress of drought and waterlogging (Dobson & Moffat, 
1993). 
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1.3.2.2 Shallow soil 
Shallow soil is another factor limiting plant growth. Normally, soil depth of 
at least 1 m is recommended for vegetation development on landfills (Department 
of Environment, 1986; Dobson & Moffat, 1993; Caimey & Hobson, 1998), as the 
roots of most species penetrated as far as Im depth (Caimey & Hobson, 1998). 
However, in many cases, the soil is much shallower and a "minimum depth for 
root penetration" of 150 m m thick is used (Koemer & Daniel, 1997). The 
insufficient depth of soil will hinder sustainable tree development by restricting 
root growth as well as limiting water and nutrient uptake, and anchorage (Wilson, 
1991). 
1.3.2.3 Drought and waterlogging 
Both shallow soil and compaction contribute to drought and waterlogging. 
In shallow soils the total available reservoir may be too small to support tree 
growth m a dry winter, while it may also be too small to hold excessive water and 
thus cause ponding and waterlogging after heavy rainfall in summer (Wilson, 
1985; Dobson & Moffat, 1993). In compact soils, hydraulic conductivity, matric 
potential and infiltration is reduced, and surface runoff is increased, which thus 
limit water supply to plant and consequently vegetation development (Taylor & 
Bar, 1991). On the other hand, compact soils inhibit free drainage of water that 
causes seasonal waterlogging during summer (Dobson & Moffat, 1993). 
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1.3.2.4 Nutrient deficiencies 
Poor quality soil or undeveloped subsoil is usually used because the supply 
of fertile topsoil is limited and its purchasing and transportation cost is high. 
Deficiencies of essential nutrients such as nitrogen are therefore frequently 
recorded in the cover soil on closed landfills (Wong, 1988; Lui, 1999). 
Among the nutrients, nitrogen is usually the major limiting factor (Jefferies, 
et al., 1981; Bradshaw, 1997, 1998, 1999 and 2000). Many other nutrients may 
also be limited. For example, phosphorus is mostly locked up in unweathered 
minerals and is hence unavailable to plants. Lack of organic matter in soil, 
which provides charged sites to retain soluble nutrients, further decreases soil 
fertility as the unabsorbed, soluble nutrients would be lost easily through leaching 
(Bradshaw & Chadwick, 1980). 
1.3.2.5 Landfill gas and leachate 
Landfill gas and leachate, are also limiting factors to vegetation development 
on landfills. In some instances, contamination of soil with landfill gas has 
undoubtedly played a large part in the poor performance of trees (Leone et al. 
1979; Gilman et al. 1985). In other cases, leachate contamination was found 
responsible for widespread tree mortality (Wilson, 1991). 
Landfill gas can physically displace oxygen from the soil atmosphere, which 
eventually leads to anoxic conditions and affects the plant by asphyxiation. 
Moreover, methane, one of the two major components, further depletes oxygen by 
methane degradation. In addition, it was proved that carbon dioxide and other 
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toxic gas such as ethylene and hydrogen sulphide inhibited root growth. Besides, 
changes in pH and composition of soil solution by landfill gas also affect 
vegetation growth (Flower et al., 1981; Gilman et al., 1982; Chan et al., 1991; 
Dobson & Moffat, 1993; Tosh et al., 1994; Chan et a l , 1997 & 1998). 
Landfill leachate affects the vegetation once it escapes through cracks in the 
cap or directly through the cover soil of uncapped sites (Dobson & Moffat, 1993). 
Its adverse effects on vegetation are mainly related to the high electrical 
conductivity which causes osmotic or ionic stress, and the high toxicity of the 
leachate components such as organic acids and heavy metals (Wong & Yu, 1989b; 
Andreottlola & Carinas, 1992; Zacharias, 1995). 
1.3.3 Selecting the suitable species 
As there are so many factors that can limit plant growth and development on 
closed landfills, to reclaim the landfills successfully by revegetation, two options 
that can be taken will be: (1) the removal of the limiting factors; and/or (2) the 
selection of tolerant species that suit the landfill environment. 
The first alternative has long been mentioned in the literature (e.g. Bradshaw 
& Chadwick, 1980; Bradshaw, 1983; Gilman et al., 1985; Dobson & Moffat, 1993; 
Bradshaw, 1993 and 1998), and removing the limiting factors can be achieved by 
applying the corresponding remedial treatments as summarized in Table 1.4. 
Hopefully, the treated sites, would then be suitable for the growth of most species. 
However, the cost of undertaking these treatments are usually expensive and in 
some cases, repeated treatments (e.g. fertilizer application) may be needed 
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(Bradshaw, 1999). As a result, such treatments are sometimes not preferred, 
especially when the budget for reclamation is limited (Bradshaw, 2000)。 
The second option, on the other hand, can help reclamation as it had been 
already used extensively and successfully (Leone et al., 1979; Flower et ciL, 1981; 
Dobson & Moffat, 1993). It is also be recognized as a long term practice for 
degraded land reclamation (Table 1.4)(Bradshaw, 1983). The rule of species 
selection is to choose a species that will actually grow on a particular site, in other 
words, tolerant to the specific limiting factors (Bradshaw, 1983; Gilman et al, 
1985; Dobson & Moffat, 1993; Caimey & Hobson，1998). For instances, there is 
little point in selecting demanding species that tend to be intolerant of the 
conditions on these man-made sites. It is also insensible to select species 
intolerant of acidic soil on sites where the cover soil was originally very acidic 
(e.g. in Hong Kong). There were many species that were suggested to be 
suitable for growing on specific type of landfills (Table 1.5). Some of them, 
such as legumes, can even contribute to the accumulation of organic nitrogen 
(Gilman et al, 1985; Dobson & Moffat, 1993). 
In Hong Kong, there were also a number of studies exploring the suitable 
species for reclaiming landfills. Some of the recommended species included 
Alhizzia lebbeck and Lophostemon confertus, Acacia spp. such as A. confusa and 
A. auriculiformis, and Eucalyptus spp. such as E. torelliana (Chan et al., 1991; 
Lan & Wong, 1994; Lui, 1999). Their promising growth on closed landfills was 
due to their relative higher tolerance to landfill gas and poor soil qualities (Chan et 
al., 1991; Lan & Wong, 1994). 
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Table 1.4 Problems that can found in degraded terrestrial ecosystems and their 
short and long term treatments (modified from Bradshaw, 1983). 
Category Problem Short term treatment Long term treatment 
Physical 
Texture Coarse Organic matter or fines Vegetation 
Fine Organic matter Vegetation 
Structure Compact Rip or scarify Vegetation 
Loose Compact Vegetation 
Stability Unstable Stabilizer or nurse Regrade or vegetation 
Moisture Wet Drain Drain 
Dry Irrigate or mulch Tolerant species 
Chemical 
Macronutrients Nitrogen Fertilizer Legume 
Others Fertilizer and lime Fertilizer and lime 
Micronutrients Deficient Fertilizer — 
pH Low Lime Lime or tolerant species 
High Pyritic waste or organic Weathering 
matter 
Heavy metals High Organic matter or tolerant Inert covering or tolerant 
plants plants 
Salinity High Weathering or irrigate Tolerant species  
Table 1.5 Examples of trees most likely to tolerant conditions on landfill sites 
(modified from Dobson & Moffat, 1993). Species are classified as tolerant (00), 
moderately tolerant (O) or intolerant (X). 
Species Heavy Calcareous Acidic Exposure Air Comments 
soils soils soils pollution  
Acer campestre O 00 0 0 0 
Alniis ghitinosa O O 0 0 0 0 0 N-fixmg Alnus in can a OO 0 0 0 0 N-fixing Bend a pubescens 〇 O O 0 0 0 0 Low fertility tolerant Crataegus monogyna 0 0 O 0 0 O Browsing tolerant Pop 111 us canescens 00 00 O 00 OO Qiiercus robiir O O 0 0 0 More fertile sites only Robinia pseudoacacia O O O O X OO N-fixmg Salix capraea O O O X 00 Salixfragihs OO 00 X X O  
1.4 Plantations and closed landfills 
In the reclamation of closed landfills and other degraded lands, the primary 
goal is to restore a green cover which aims at providing protection of soil against 
erosion and unpleasant appearance. The critical criterion for achieving the goal 
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IS the success of establishing planted species. Since information of using natives 
for reclamation was lacking in Hong Kong for the past 20 years (Corlett, 1999) 
and the performances of some exotics are promising (Chan et al” 1991; Chan, 
1994; Lan et al, 1994), exotic species such as Acacia confusa, A. auriculiformis, 
Lophostemon confertus and Eucalyptus torelliana have been used extensively for 
revegetatmg closed landfills (Lui, 1999). These landfills were found to develop 
successfully into woodlands after a few years of tree planting (Lui, 1999; Choi, 
2000). 
In recent years, however, the environmental and conservational concerns on 
reclamation of degraded lands have increased. More is emphasized on restoring 
an ecosystem of high biodiversity with the inclusion of more native species, rather 
than solely on speed (Bradshaw, 1998 and 2000). To aid in developing a diverse, 
complex ecosystem on a completed landfill, it cannot be simply done by planting 
several fast-growing exotics or leaving it alone for natural succession. On the 
other hand, it is an art of utilizing plantations (native and exotic) for enhancing 
natural invasion and succession. 
1.4.1 The roles of plantations 
Native species are species which occur naturally or are indigenous to a 
particular area, while exotic species are species introduced by man accidentally or 
deliberately to areas outside their original geographical range. Exotic species 
may have spread from their original sites and established a self-sustaining 
population through several generations without direct human intervention, and 
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become naturalized species (Dudgeon & Corlett, 1994). 
There were various studies examining the roles of plantations on degraded 
land reclamation and ecosystem development. It seems clear that they have a 
marked catalytic effect on native forest development, especially on severely 
degraded sites such as landfills (PaiTotta et al., 1997). The most important roles 
are their ability to enhance soil development, modify microclimate and facilitate 
natural invasion, no matter they are exotic or native. 
1.4.1.1 Enhancing soil development 
A disturbed land can develop into a complex, diverse ecosystem without 
human intervention, even where the starting environment is very degraded and 
extreme (Bradshaw, 2000). However, it definitely takes a longer time for the 
more severe cases (Singh & Tripathi, 1992). According to Aber (1993), 
completed landfills in Hong Kong can be classified as the most severely disturbed 
sites where the imported soil is mainly undeveloped and is not suitable for natural 
regeneration. It is hence not surprising that vegetation development, in terms of 
percentage cover and proportion of woody species, is slow on landfills without 
any human assistance (Ettala et al., 1988; Wong et al., 1989b). 
Plantations, on the other hand, had been found to improve the soil physical 
and chemical properties of the degraded sites significantly (Fisher, 1995; Franco 
& Farm, 1997; Binkley & Resh, 1999; Lui, 1999; Pal & Sharma, 2001), especially 
for the fast growing, nitrogen-fixing tree species such as Acacia spp., Alnus spp. 
and Leucaena leucocephala (Fung, 1995; Bradshaw, 1997; Franco & Faria, 1997; 
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Tsang, 1997; Bradshaw, 2000). Benefits include accumulation of organic matter, 
nitrogen and other nutrients, as well as reducing soil bulk density and compaction. 
Soil function would be restored as a result and it could support the growth of more 
nutrient demanding, late-successional species (Parrotta et al., 1997; Zhuang & 
Yau, 1999). 
1.4.1.2 Modifying microclimate 
Exposed degraded lands are usually considered as a harsh habitat for plant 
growth. Extreme temperature and low soil moisture are usually responsible the 
for poor vegetation development on severely disturbed sites. Plantations, 
especially the fast-growing, light-demanding pioneers, modify the microclimate 
by narrowing temperature range, increasing soil humidity and providing shelter 
(Kimmins, 1987; Parrotta et al., 1997; Lui, 1999; Zhuang & Yau, 199), which 
promote the establishment of high water-demanding, shade-tolerant, 
late-successional native species. 
1.4.1.3 Facilitate natural invasion 
. Plantations can also promote natural succession by attracting wildlife as they 
provide roosting sites and foods. Through fruit consumption, wildlife including 
birds and mammals can help disperse seeds of native species inside or outside the 
sites (Lugo, 1997; Zhuang & Yau, 1999). 
1.4.2 Exotics or natives? 
Reclamation of closed landfills with exotic plantations is mainly due to their 
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likelihood of success (Evans, 1992). The most popular species such as Acacia 
spp-, Eucalyptus spp. and Pinus spp. are those that have been tested and have seed 
sources. Their survival and growth rates are usually higher to ensure low 
economic risk. Besides, exotics are believed to have less pest and pathogen 
problems as they are far away from their natural habitats. In Hong Kong, several 
exotics such as Acacia confusa, A. auriculiformis, Lophostemon confertus and 
Eucalyptus torelliana were evaluated locally as outstanding candidates (Chan, 
1991; Lan & Wong, 1994; Lui, 1999). They are mainly early-successional 
species and some of them can fix nitrogen to withstand poor soil conditions (Fung, 
1995). 
Though they are superior in forming woodlands, they are undesirable for in 
several aspects. Exotic plantations are poor in species diversity both in terms of 
flora and fauna (Zhuang & Yau, 1999; Kwok & Corlett, 2000). It was most 
probable that they produce fruits that could not be used by local wildlife, and 
hence cannot attract effective dispersers of plants. There are also dangers of 
exotic invasion (Lugo, 1988; Evans, 1992); a local example is that Leucaena 
leucocephalci, Syzygium jambos and Melia azederach which have established 
self-sustaining wild populations on disturbed habitats in Hong Kong (Corlett, 
1999). Moreover, pest problems may be important once local pests have adapted 
to the exotic hosts and cause die-back of them (Haggar et al., 1998), especially in 
monoculture plantations. 
Native plantation, on the other hand, can fit the three main roles m enhancing 
forest development on severely disturbed lands. Native plantations can both 
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speed up soil development and modify the microclimates, though in a slower rate 
(Zhuang & Yau, 1999). Moreover, the use of bird-attracting natives in 
plantations is believed to facilitate natural invasion (Robson，et a l , 1992; Robson 
& Handel, 1993; Handel, 1997; Zhuang & Yau，1999). In addition, native 
species are considered ecologically more significant than exotics in the 
conservation of native fauna and flora (Evans, 1992). They are adapted to the 
local environment and already filling an ecological niche. They are also less 
susceptible to diseases and pests by the action of local controlling agents such as 
predators, viruses and climatic factors. 
An important drawback of using native tree species in reclamation of local 
landfills is probably their relatively slow growth and low survival rate in some 
small-scale trials (Chan et al., 1991; Lan & Wong 1994; Lui, 1999). Moreover, 
the information of natives only concentrated on a few successful candidates such 
as Castcmopsis fissa, Schima superba, Cinnamomum camphor a, Liquidambar 
formosana (Corlett, 1999). The first two species, though proved to have a high 
degree of success on most sites and used extensively in local plantations (Corlett, 
1999), are weak in ecological functions as they cannot provide attractive fruits for 
wildlife (Zhuang & Yau, 1999; Zhuang & Corlett, 2000). 
1.4.3 Knowledge learned from natural invasion 
Appropriate species should be identified before using native plantations to 
reclaim closed landfills. Native trees or shrubs invade and develop on landfill 
areas without tree planting could give some hints to species selection. They 
27 
probably represent the group dispersed by birds and mammals, which 
simultaneously can withstand the harsh environment on closed landfills. Such 
species, when used in plantations, would undoubtedly help attracting the 
dispersers and hence aid natural succession as mentioned in Sections 1.4.1.3 and 
1.4.2. 
1.4.4 Human management or aftercare 
Even when the appropriate candidates are planted on the closed landfills, 
they may not be able to establish due to unsuitable weather, poor quality cover 
soil (Bradshaw, 2000) as well as competition with weeds (Chan, 2001). Human 
management may sometimes be necessary in ensuring the establishment of 
plantations (Bradshaw, 1998 & 2000). Examples include soil reconstruction, 
fertilizer application and weeding. Once the planted species are established 
successfully, they can contribute to natural succession without the need of further 
human effort. 
1.5 Objectives of this research 
1.5.1 Knowledge gap 
Theoretically, using native species in reclaiming closed landfills is possible, 
both in terms of ecological functions and structures. However, the information 
about which native tree species can be used in reclamation is lacking. There are 
also too few relevant experiences in local forestry、dealing with native species, 
especially on seriously disturbed sites such as landfills. 
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Moreover, all local closed landfills are restored with advanced works and 
capping systems (termed "recently restored" landfills) and the operating landfills 
will be managed as containment sites (Sections 1.2.2 & 1.2.4.1). The once 
important limiting factors on plant growth, namely landfill gas and leachate 
contamination, may no longer be significant. Native species that were originally 
evaluated as poor candidates may now be potentially suitable for these landfills. 
Finally, though it is believed that aftercare is important for the establishment 
of tree seedlings or saplings on degraded sites, there is still a lack of practice 
records for effects of different management practices on native growth. 
1.5.2. Objectives 
There are limited choices of natives for growing on closed landfills, and the 
environment of those "recently restored" landfills seems to be less harsh than old 
landfills for vegetation growth. Therefore, this research project aims at 
exploring and widening the choices of natives, as well as improving their 
performance by soil management. 
Site quality and properties represent a key factor affecting vegetation growth. 
Therefore, the soil conditions of one “recently restored" landfill (Tseung Kwan O 
Landfill Phase II/III) was studied with reference to one "old-typed" landfill (Pillar 
Point Valley Landfill which is going to be restored in 2003), to provide 
mfomiation about the effectiveness of advanced works and limiting factors 
(Chapter 3). In addition, twenty tree native species were screened against 
drought which is (expected to be) one of most important limiting factors on closed 
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landfill (Chapter 4). Afterwards, superior candidates were screened in situ on a 
recently restored landfill for one year based on their growth, survival and 
ecophysiological responses (Chapter 5). Different arboricultural practices were 
also evaluated with the species used in Chapter 5, so as to examine their effects on 
the growth of the selected natives (Chapter 6). Finally, some natives planted on 
the landfills were also included in growth evaluation (Chapter 7). 
30 
Chapter 2 Study Sites 
2.1 General description 
Two local landfills, which respectively represented two different landfill 
designs, were studied in this research. Tseung Kwan O Landfill Phase II/III 
(TKO Landfill) is a member of the "recently restored" landfills, which employs 
high level of environmental standards (Sections 1.2.2 & 1.2A1). Pillar Point 
Landfill (PPV Landfill), on the other hand, is an "old-typed" landfill. 
Engineering works will start in 2003 to upgrade its environmental status to the 
level of T K O Landfill. Site history and characteristics of two landfills were 
summarized in Table 2.1, 
T K O Landfill occupies an area of 42 hectares, and consists of a gentle slope 
(>90% area) and a small platform. Engineering works of the T K O landfill were 
completed in 1998 and revegetation started since then. There are two types of 
areas, hydroseeded areas and tree-planted areas. Hydroseeded areas were 
hydro seeded with grasses (Table 2.2) in 1998 and were designated as TG98, while 
tree-planting areas were hydroseeded with grass and then planted with mixed trees 
and shrubs (Table 2.3) in 1999 and were designated as TT99. 
Total area of PPV Landfill is 38 hectares, and four phases can be identified 
according to the time of completion and revegetation. The fourth phase was 
chosen for comparison against TG98 and TT99 because of their closer 
reclamation histories. It is a grassed platform that was hydroseeded (Table 2.2) 
in 1997 (designated as PG97), which has an area of 22.5 hectares. 
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Table 2.1 Site histories and characteristics of two landfills. 
Tseung Kwan 〇 Landfill Pillar Point Valley 
Phase Will Landfill  
Location Western side of High Mong Hau Shek, Tuen 
Junk Peak, Tseung Kwan Mun, Hong Kong 
O, Hong Kong 
Area (ha) 42 38 
Year of completion of landfilling 1994 1996 
Quantity of waste landfilled (Mt) 12.6 13 
Type of site Valley fill, with built-up Valley fill, with built-up 
platform platform 
Surface drainage system Installed Not installated 
Cover Capping system installed, A layer of decomposed 
with surface drainage granitic and volcanic 
system and a materials 
impermeable layer of 
geomembrane 
Slope gradient 15-30。(slope) 15-30° (Phases 1-3) 
0-5° (platform) 0-5° (Phase 4) 
Year of hydroseeding 1998 (TG98) 1988 (Phase 1) 
1999 (TT99) 1990 (Phase 2) 
1996 (Phase 3) 
1997 (Phase 4)(PG97) 
Year of tree planting 1999 (TT99) 1 9 9 2 (Phase 1) 
1995 (Phase 2) 
Major vegetation type Grassland and seasonal Woodland (Phases 1 & 2) 
shrubland Grassland (Phases 3 & 4) 
Site characterization Recently restored landfill Old landfill 
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Table 2.2 Grass species used in hydroseeding (Lui, 1999; Swire SITA Waste 
Service Ltd., 2001), 
Site Species 
TKO Landfill Cynodon dactylon 
Eragrostis curvula 
Lolium perenne 
P asp alum notatum 
PPV Landfill Cynodon dactylon 
P asp ah im notatum 
Table 2.3 Species planted on TT99 of TKO Landfill (Swire SITA Waste Service 
Ltd., 2001). 
Species Family Origin Number 
Tree 
Ficus microcarpa 
Schima superb a 
Litsea glutinosa 
Sapium discolor 
Schejflera octophylla 
Sterculia lanceolata 
Celtis sinensis 
Cratoxylum 
cochinchinensis 
Liquidamber formosana 
細葉榕 
木荷 
潺槁 
山烏臼 
鴨腳木 
假蘋婆 
朴樹 
黃牛木 
楓香 
Moraceae 
Theaceae 
Lauraceae 
Euphorbiaceae 
Araliaceae 
Sterculiaceae 
Ulmaceae 
Hyperiaceae 
Hamamelidaceae 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
1753 
1706 
852 
852 
852 
852 
147 
73 
73 
Acacia confusa 
Albizia lebbeck 
Casuarina equisetifolia 
Eucalyptus torelliana 
Lophostemon confertus 
Pinus elliottii 
Acacia auriculiformis 
Acacia mangium 
Cassia siamea 
Eucalyptus citriodora 
台灣相思 
大葉合歡 
木麻黃 
毛葉桉 
紅膠木 
愛氏松 
耳果相思 
馬占相思 
鐵刀木 
檸檬桉 
Mimosaceae 
Mimosaceae 
Casuarinaceae 
Myrtaceae 
Myrtaceae 
Pinaceae 
Mimosaceae 
Mimosaceae 
Caesalpiniaceae 
Myrtaceae 
Exotic 
Exotic 
Exotic 
Exotic 
Exotic 
Exotic 
Exotic 
Exotic 
Exotic 
Exotic 
1706 
1706 
1706 
1706 
852 
852 
147 
147 
147 
147 
Shrub 
Gordonia axillaris 
Ixora chinensis 
大頭茶 
龍船花 
Theaceae 
Rubiaceae 
Native 
Native 
73 
73 
Calliandra haematocephala 紅絨球 
Hibiscus rosa-sinensis 大紅花 
Mimosaceae 
Malvaceae 
Exotic 
Exotic 
73 
73 
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Soil properties were studied on TG98, TT99 and PG97 (Chapters 3). 
Planting trial of native trees was conducted on TKO Landfill (Chapter 5) and 
performance of planted native species by site contractor were studied on TT99 
(Chapter 7). 
2.2 Locations 
Hong Kong is situated between latitudes 22�09, and 22�37,N and longitudes 
113°52' and 114°30'E, on the southern coast of China, with a total land area of 
1091 km^ (Hong Kong Government Information Services Publication, 1996). 
TKO Landfill is located at the western side of High Junk Peak, Tseung Kwan 0， 
near Tseung Kwan O Industrial Estate and adjacent to Clear Water Bay Country 
Park. PPV Landfill is situated at Mong Hau Shek at the southern side of Castle 
Peak, Tuen Mun (Figure 2.1 & Plate 2.1). 
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Figure 2.1 Locations of Tseung Kwan O and Pillar Point Valley Landfills in Hong 
Kong. 
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2.3 Climate 
The climatic zone of Hong Kong is classified as subtropical, with a mean 
annual temperature of 23。C and a mean annual rainfall of 2214 m m . Under the 
influence of a monsoon climate, Hong Kong has a distinct hot humid summer and 
a cool dry winter (Chan & Marafa, 1999). During summer (May to September), 
afternoon temperatures often exceed 31。C whereas at night, temperatures 
generally remain around 26°C. About 80% of the annual rain falls in this period. 
The wettest month is August when the average monthly rainfall is 391.4 m m . 
Winter starts from November to February of next year, when the temperature 
sometimes falls below 10 °C and receives less than 10% of annual rainfall. The 
driest month is January, when the monthly average is only 23.4 m m (Hong Kong 
Observatory, 2002)。 
According to the rainfall distribution of Hong Kong, the annual rainfall of 
T K O Landfill is around 2200, while that of PPV Landfill ranged from 1600 to 
1800 (Hong Kong Observatory, 2001). 
The duration of the field studies was 1 year, which began in early 6/2002 and 
finished in late 5/2002. The total rainfall was 3238.1 m m and mean temperature 
was 24.0°C, which were both higher than the average. More than 2600 m m of 
rain fell between 6/2001 and 9/2002, which was much larger than the mean annual 
rainfall. However, the mean rainfall of the driest five months (from 10/2001 to 
2/2002) was only 17.8 m m , a value far lower than the mean monthly rainfall of 
the driest month (23.4 m m ) in Hong Kong (Hong Kong Observatory, 
2002)(Figure 1.2). 
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Figure 2.2 Total monthly rainfall and mean monthly temperature during the study 
period (6/2001-5/2002). 
37 
Chapter 3 Soil Status of Closed Landfills 
3.1 Introduction 
Revegetation on the soil cover of closed landfills is a common management 
practice for both amenity purposes and erosion control. Some local landfills, 
after restoration, will be developed into ecological parks for conservation purpose 
(Environmental Protection Department, 2002). To fulfill the specific aftemse, 
the most important criteria are the establishment and self-maintenance of the 
revegetated species (Gilman et al., 1985). 
On a closed landfill, one of the most important factors affecting the success 
of revegetation is soil quality. Soil provides physical support, water and 
nutrients for plant growth. Therefore, specific soil properties on a site determine 
which level of ecosystem can develop on the site, how far this development will 
progress, and what treatments are necessary to assist its development (Bradshaw, 
1987), In Hong Kong, cover soil of closed landfill is usually imported from 
local borrow areas and sometimes mixed with substandard materials. It is 
mainly derived from decomposing granitic or volcanic rocks, which is generally 
acidic in reaction and deficient in nitrogen, phosphorus and organic matter, and 
has a low nutrient holding capacity (Grant, 1986; Webb, 1999). Poor soil quality 
IS always blamed for poor plant growth on closed landfills (Flower et al., 1981). 
Selection of species is another critical factor for the success of revegetation. 
It is mainly due to their different requirements on nutrients, water and space, and 
their tolerance to different stresses such as drought (Bradshaw, 2000). For 
instances, late-successional species grow quickly on fertile soil but rarely grow 
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well on infertile soil (Brady & Weil, 1996). Therefore, matching site-specific 
soil properties and plant species is essential for successful revegetation. 
Landfill gas contamination of the cover soil may also limit the growth of 
revegetated species. Various studies have confirmed their effects on plant 
growth, such as reduced growth or even death (Flower et al., 1981; Gilman et al., 
1982; Chan et a l , 1991; Lan & Wong, 1994). However, the effects would be 
less serious when their concentration is lower. 
Problems of poor soil properties can be solved by a number of measures. In 
the short term, adding fertilizers or amendments with high organic content is used 
extensively for overcoming problems of low nutrients (Bradshaw, 1983, 1998 and 
2000), while long term improvement can be achieved by vegetation development 
(Fisher, 1995; Franco & Faria, 1997). Nutrients can be extracted from soil by 
planted trees (Alban, 1982; Aber, 1993), and atmospheric nitrogen can be fixed by 
species that are symbiotically associated with nitrogen-fixing microorganisms 
(Franco & Faria, 1997, Bradshaw, 2000). The fallen litter and dead plants will 
become nutrient capitals, which will return nutrients to the ecosystem when they 
are decomposed. 
In revegetateing closed landfills, it is important to have a deep understanding 
of the soil properties on closed landfills. Information on landfill gas contents in 
the cover soil is also needed to decide on the appropriate practices and species. 
The present study focuses on the selection of potential native species for 
revegetating "recently restored" landfills. Therefore, soil physical and chemical 
factors, landfill gas and moisture contents were studied on T K O Landfill Phase 
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II/III (i.e. TG98 and TT99) for providing background information. An "old" 
landfill of similar age, Pillar Point Valley Phase IV (i.e. PG97), was included to 
provide comparison between the two types of landfills. 
3.2 Materials and Methods 
3.2.1 Landfill gas and soil moisture determination 
For each of the two landfills, namely Pillar Point Valley Landfill and Tseung 
Kwan O Landfill, there were twenty random sampling points for the 
determination of landfill gas and soil moisture. At each sampling point, 
duplicated measurements were taken in August 2001 and January 20^2, 
Landfill gas contents (i.e. carbon dioxide, methane) and oxygen were 
measured using a portable gas analyzer (LFG-20, ADC, Herfordshire, England). 
Gas samples were collected through a stainless steel sampling probe (length 55 
cm and inner diameter 1.6 cm, with lower 15 cm of the probe perforated to 
facilitate gas movement between soil and probe) which was inserted to the soil to 
a depth of 30 cm and was covered with parafilm for 15 minutes for the 
equilibrium of gas inside the probe. 
Soil moisture in terms of volumetric water content was determined by time 
domain reflectometry (Trase system, Soilmoisture Equipment Corp., Goleta, USA) 
through waveguide of 15 cm in length. 
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3.2.2 Soil sampling and analysis 
3.2.2.1 Soil sampling and preparation 
On each of the three sites (TG98, TT99 and PG97), there were twenty 
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random sampling points. Five sub-samples, collected within 2 x 2 m area by a 4 
cm diameter cylindrical stainless steel soil corer to a depth of 10 cm, were bulked 
into one sample at each point. Soil samples were air dried for 2 weeks and 
passed through 2 m m sieve before texture determination and chemical analysis. 
Another undisturbed soil sample was collected at each point to determine the bulk 
density and porosity using the same sampling technique. 
3.2.2.2 Soil texture and water retention 
Soil texture was determined by the Bouyoucos hydrometer method which 
measures the decrease in density of the suspension as soil particles settle. The 
hydrometer readings were taken at 4 minutes 48 seconds for silt and clay contents 
and 5 hours for clay content (Grimshaw, 1989) after dispersion of 2 m m air dry 
soil with 5 % Calgon solution (sodium hexametaphosphate) and water. The sand, 
silt and clay contents were expressed as percentages and its textural class was 
determined following the classification of International Society of Soil Science. 
Soil retention was determined by a pressure membrane extractor 
(Soilmoisture Rquipment Corp., Santa Barbara, USA) at 0.3 bar and 15 bars. 
3.2.2.3 Bulk density and total porosity 
The soil collected was oven-dried at 105°C for 48 hours to determine the dry 
weight. Dry weight was used to calculate bulk density with known volume of 
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soil (Landon, 1991): 
Bulk density (g/cm^) = Soil oven dry weight / Soil core volume 
Total porosity of the soil was calculated with the following formula: 
Total porosity (%) = (1 - Bulk density/Particle density) x 100% 
where particle density is equivalent to 2.65 g/cm^ 
3.2.2.4 Soil pH and electrical conductivity 
pH and electrical conductivity of the soil were determined using a pH meter 
(Orion Research Inc., Boston, USA) and conductivity meter (Orion Research Inc., 
Boston, USA) after extraction with water in the ratio of 1:2.5 at 150 rpm for 1 
hour. 
3.2.2.5 Organic carbon 
Organic carbon content was determined by the Walkley-Black method 
(Schnitzer, 1982). Soil organic matter (SOM) was estimated by multiplying the 
organic carbon content with a factor of 1.724 (Chaney & Swift, 1984). 
3.2.2.6 Nitrogen 
Total nitrogen content was determined by a SAN""'" Segmented Flow 
Autoanalyzer (SAN^^"')(Skalar Analytical B.V., Breda, The Netherlands) after 
Kjeldahl digestion by concentrated sulphuric acid at 360°C (Bremner & Mulvaney, 
1982). Extractable ammonium-nitrogen and nitrate-nitrogen were measured by 
after extraction with 1 M potassium chloride at 150 rpm for 1 hour 
(Keeney, 1982). 
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3.2.2.7 Phosphorus 
Total phosphorus content was determined by molybdenum blue method with 
SAN^"'、after mixed acid (concentrated nitric acid:concentrated sulphuric acid = 
1:1) digestion at 120。C (Olsen & Sommer, 1982). Available 
orthophosphate-phosphoms was measured by molybdenum blue method with a 
Quikchem A E Automated Ion Analyzer (Lachat Instruments, Milwaukee, 
Wisconsin, U S A ) after extraction with Troug's reagent at 150 rpm for 30 minutes. 
3.2.2.8 Cations 
Total content of potassium was measured by a Z-8100 Flame Atomic 
Absorption Spectrophotometer (Hitachi, Tokyo, Japan) after mixed acid 
(concentrated nitric acid:concentrated sulphuric acid = 1:1) digestion at 120°C 
(Olsen & Sommer，1982). Extractable contents of the cations (potassium, 
calcium, magnesium and sodium) were determined by the atomic absorption 
spectrophotometer after extraction with 1 M ammonium acetate (pH = 7) at 150 
rpm for 1 hour (Knudsen et al., 1982). 
3.2.3 Statistical analysis 
The differences in landfill gas and soil moisture contents between T K O 
Landfill and PPV Landfill were determined by t-test. The differences in physical 
and chemical properties among the three sites (TG98, TT99 & PG97) on these 
landfills were determined by one-way analysis of variance (ANOVA). Tukey's 
Honestly Significant Difference (HSD) test at p<0.05 was calculated to detect any 
significant differences between sites. All data were analyzed by Statistical 
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Package for the Social Science (SPSS) for Windows Release 9.0 using a Pentium 
III PC. 
3.3 Results and Discussion 
3.3.1 Landfill gas and soil moisture contents 
Table 3.1 shows the landfill gas and moisture contents in the cover soils of 
T K O and PPV Landfills. Only a low level of carbon dioxide was detected m 
T K O (summer: 1.74%; winter: 0.26%). Methane concentration of T K O was 
below detection limit, i.e. 0%. On the other hand, concentrations of carbon 
dioxide (summer: 6.60%; winter: 1.28%) and methane (summer: 3.92%; winter: 
0.50%) were significantly higher in cover soil of PPV than in TKO, though no 
statistical difference was found in methane between the two sites. Oxygen 
concentration was significantly lower in PPV (summer 15.2%; winter: 19.9%) 
than in T K O (summer: 18.8%; winter: 20.7%). 
The levels of carbon dioxide, methane and oxygen indicate that PPV Landfill 
has a landfill gas problem, especially in summer. It is a common phenomenon in 
“old，，landfills in Hong Kong (Wong & Yu, 1989b; Chan et a l , 1991; Lan & Wong, 
1994; Chan et al., 1997; Lui, 1999), where landfill gas generated during waste 
degradation can diffuse freely to the cover soil and when the gas generation rate is 
higher m the summer. On the other hand, gas levels were very low in T K O 
Landfill, which was lower than those recorded on reference sites in a local study 
(carbon dioxide: 1.81%; methane: 0.42%)(Chan et al., 1997). The results show 
that soil environment of T K O is similar to other degraded lands but different from 
the "old" landfills in terms of gas composition, which was mainly due to the 
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presence of impermeable geomembrane and gas vents (Section 1.2.4.1). Hence, 
plant growth on T K O would be therefore free from landfill gas problem when 
compared with unrestored landfills. This allowed better plant growth on T K O 
than PPV, which was reflected in a higher vegetation coverage and soil organic 
matter contents (Section 33.3.2). 
Soil moisture contents were higher in T K O than in PPV, in both summer and 
winter, which were due to higher total porosity (Section 3.3.2.1) and organic 
matter contents (Section 3.3.3.2) that could hold more water. Soil moisture 
contents of two landfills were higher in summer (TKO: 23.8% and PPV: 22.0%) 
than in winter (TKO: 13.6% and 12.0%). This indicates that plant growth would 
be more affected during winter due to lower availability of water (Wilson, 1985; 
Dobson & Moffat, 1993). 
Table 3.1 Landfill gas and soil moisture contents of the landfill soils (n=20). 
7-8/2001 1-2/2002 
T K O F ^ t-test T K O t-test 
Carbon dioxide (%) 1.74 (2.31) 6.60 (10.30) * 0.26 (0.25) 1.28 (1.89) * ^ 
Methane (o/o) 0.00 (0.00) 3.92 (9.36) N S 0.00 (0.00) 0.50 (1.32) NS 
Oxygen (%) 18.8(1.9) 15.2 (6.1) * 20.7(0.3) 19.9(1.0) ** 
Soil moisture (%) 23.8 (3.2) 22.0 (2.4) * 13.6(3.1) 12.0(1.8) NS 
N S 二 not significant; * p<0.05; ** p<0.01. 
Values in parenthesis represent standard deviation. 
3.3.2 Soil physical properties 
3.3.2.1 Bulk density and porosity 
The bulk density of soils was 1.68 g/cm^ for PG97, 1.61 g/cm^ for TG98 and 
1.61 g/ciV for TT99. The corresponding values for total porosity were 36.6%, 
39.2% and 39.3% respectively (Table 3.2). There was no statistical difference 
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among the values. 
Both bulk density and porosity of all the soils fell outside the critical levels 
for plant growth (Table 3.2). This indicates that the soils physically hindered the 
plant growth by being very compact and lacking space for air and water 
movement and water storage (Bradshaw, 1983; Oilman et al., 1985; Dob son & 
Moffat, 1993). The densely packed soil materials could also hamper root 
elongation and diameter expansion. 
Since the three sites (PG97, TG98 and TT99) are recently developed and the 
vegetation types are mainly grasslands of less than 5 years old, it was not 
surprising that their readings were very close. Nevertheless, since vegetation 
development was better in T K O (unpublished data), and thus enhancing soil 
development, TG98 and TT99 had soil bulk densities slightly lower and porosity 
slightly higher than PG97。 
Table 3.2 Physical properties of cover soil (top 10 cm) on the study sites (n=20)[ 
‘ “ PG97 TG98 TT99 Critical Preferred 
7 9 
level" level" 
Bulk density (g/cm勺 1.68 (0.08) a 1.61 (0.29) a 1.61 (0.16) a >1.6 ^ 
Total porosity (%) 36.6 (3.1) a 39.2 (10.9) a 39.3 (5.9) a <30 >45 
Texture 
Sand (%) 66.3 (6.4) a 66.4 (7.5) a 66.3 (10.2) a - -
Silt (%) 17.2 (4.9) a 15.5 (3.6) a 17.5 (6.2) a - -
Clay (%) 16.4 (3.2) a 18.0 (5.2) a 16.2 (4.6) a - -
Class Sandy loam Sandy loam Sandy loam - -
Water retention (% moisture (dry weight)) (n=5) 
1/3 Bar (field capacity) 24.5 (2.1) a 25.6 (3.1)a 25.4 (2.9) a 
15 Bars (wilting coefficient) 8.3 (0.5) a 8.6 (1.3) a 8.5 (1.7) a 
Plant available water 16.2 17.0 16.9 
'Number of replicates of water retention is 5 instead of 20. 
-Rating after Fung (1995). 
Mean values followed by the same letter within a row are not significantly differf at at p = 0.05 level 
by Tukey's H S D test. 
Values in parenthesis represent standard deviation. 
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3.3.2.2 Texture and water retention 
Texturally, the soils on all three sites belonged to sandy loam, with a very 
high content of sand and relatively low silt and clay contents. The development 
time of the three sites is too short to induce difference among the soils physically. 
Such a textural composition indicates that most pores were large and easily 
emptied by gravitational drainage. The soils were very susceptible to excessive 
drainage, which are undesirable to plant growth (Archer & Smith, 1972). 
Plant available water is considered to be the amount of water retained in soils 
between field capacity and permanent wilting point (1/3 Bars & 15 Bars) (Brady 
& Weil, 1999). The values for all the three sites were low and not significantly 
different, ranging narrowly from 16.2 (PG97) to 17.0 (TG98). Low values of 
plant available water suggests that the plants growing on these sites are 
susceptible to drought problem. 
3.3.3 Soil chemical properties 
3.3.3.1 pH and electrical conductivity 
Table 3.3 lists the chemical properties of soils collected from PG97, TG98 
and TT99. pH is a major factor that determines the types of tree shrub and grass 
of a particular landscape under natural conditions (Brady & Weil, 1999). In the 
present study, soils were strongly acidic to moderately acidic in reaction, with 
soils of PG97 and TT99 significantly more acidic than that of TG98. The topsoil 
on all sites were subjected to heavy rainfall (annually around 2200 m m ) and 
covered by only a thin layer of sward vegetation (PG97, TG98) and some small 
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trees (TT99); alkaline materials were leached heavily. Since the overall soil 
acidity depends on the balance between acidity formed during soil reactions and 
concentration of base-forming cations (Brady & Weil, 1999), low pH was 
expected. Nevertheless, as soil of TG98 contained more organic matter which 
could protect the soil from erosion and is a source of alkaline cations, the soil pH 
was significantly higher. 
Electrical conductivity was 60.2 p^S/cm for TT99, 73.5 jaS/cm for TG98 and 
77.3 jj^ S/cm for PG97 (Table 3.3), which were all classified as non-saline soils 
(Landon, 1991). Low electrical conductivity of all sites suggested that there was 
minimal leachate contamination, since high leachate concentration is always 
associated with a high electrical conductivity (Andrettola & Cannas, 1992; 
Kristensen, 1992). 
3.3.3.2 Organic carbon and matter 
Soil organic matter (SOM) contents of all three sites were ve^y low (Table 
3.3) according to Landonratings (1991). The highest S O M content occurred in 
TG98 (1.17%), followed by TT99 (0.78%) and then PG97 (0.61%). Higher 
S O M in TG98 was most probably due to denser growth of grass species (such as 
P asp alum spp., Pcnnisctum spp. and Cynodon <i<:/c(y/o/7)(unpublished data), which 
generates a large amount of organic matter through litter production and root 
decay. Since the litter produced by grasses has very high C:N ratio, it is not 
palatable to decomposers and most litter remain partly decomposed that can be 
accounted for quick build-up of S O M (Marafa & Chan, 1999a & b) in three years 
since hydroseeding. For TT99, though growth of grasses and herbs were also 
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intensive, it was a year younger and hence the time for S O M accumulation was 
shorter. Poor growth of vegetation was recorded in PG97 (unpublished data) and 
S O M accumulation was therefore very slow, about 0.20% in three years (0.41% in 
a study carried out in 1998)(Lui, 1999). 
3.3.3.3 Nitrogen and C:N ratio 
Of all the nutrients that plants obtained from the soil, nitrogen is required in 
the greatest amount (Bradshaw, 1999). It is the nutrient element most often 
limiting the growth of plants (Jefferies et al., 1981; Bloomfield et al., 1982). 
Therefore, adequate amounts of nitrogen must be available in soil for proper plant 
growth. However, only very low levels of total nitrogen were measured in the 
soils of three sites (Table 3.3), the highest being TG98 (0.04%), followed by TT99 
(0.03%) and PG97 (0.03%) and there were no significant differences among them. 
Low nitrogen contents were due mainly to initially nitrogen-depleted soils, poor 
soil development, and absence of leachate contamination. Nitrogen is 
accumulated in soil mostly by process of biological fixation (Bradshaw, 1999), but 
nitrogen-fixing species were rare or in low coverage on all three sites, and thus 
soil nitrogen accumulation was slow. Nevertheless, the presence of more 
nitrogen-fixing shrubs and herbs such as Sesbania spp. and Desmodium spp. on 
TG98 had added extra nitrogen by fixing atmospheric nitrogen (Yang et al., 1997) 
and returning the nitrogen through litterfall and root decay. 
When converting the total nitrogen contents to mass per unit area, the 
amount of nitrogen was 504 kg/ha for PG97, 644 kg/ha for TG98 and 483 kg/ha 
for TT99, which was far from sufficient to support the growth of woodland 
50 
(minimum 800 kg/ha)(Kendle & Bradshaw, 1992). 
As for total nitrogen, there was no significant difference among the three 
sites in terms of extractable ammonium and nitrate (Table 3.3). Ammonium 
contents of all sites were at least 3 fold higher than that of nitrate. It was mainly 
due to the acidic nature of these soils, where nitrifiers were inhibited and 
ammonium accumulated or was oxidized only slowly to nitrate (Foth & Ellis, 
1997). Nevertheless, their amounts were much lower than the critical level of 50 
)ag/g (Dutton & Bradshaw, 1982). 
The C:N ratio of the soils from the three sites ranged from 13.9 of PG97 to 
19.6 of TG98. Since the total nitrogen contents of all sites were very close, the 
C:N ratios were affected mostly by their corresponding organic carbon contents. 
Intensive growth of grass on TG98 and TT99 had generated large amount of S O M 
after seasonal dieback (Marafa & Chan, 1999a). Nitrogen content of the grass 
residues was low, which finally contributed to their higher C:N ratios. As all the 
ratios were higher than the equilibrium ratio of 10 (Landon, 1991), the S O M was 
dominated by low quality litter, which decomposed only slowly to release 
nutrients. 
3.3.3.4 Phosphorus 
The highest soil phosphorus content was again found in TG98 (183.59 jug/g), 
followed by TT99 (138.88 \xglg) and finally PG97 (41.91 |LLg/g). In nature, most 
phosphorus occurs in mineral form, which weathers slowly to produce 
orthophosphate in the soil solution (Foth, 1990). The orthophosphate would be 
immobilized by plants and microorganisms into organic form once it is released 
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and It amounts up to 80% of total phosphorus in soil (Foth, 1990; Brady & Weil. 
1^ )99). As larger amounts of organic matter were built up in TG98 and TT99, 
total phosphorus tends to accumulate simultaneously. 
Available phosphorus contents of the landfill soils were low to medium 
according to L an don (1991). Therefore, phosphorus seems to be less limiting for 
plant growth than nitrogen for all three sites. Since available phosphorus content 
is pH dependent (Brady & Weil, 1999), and a more suitable pH range was 
recorded at TG98, it was not surprising that it had the highest concentration of 
available phosphorus. 
3.3.3.5 Potassium 
High total potassium contents were measured at all sites (Table 3.3), and 
extractable potassium contributed to only a small part of the total content. In 
general, over 90% of all soil potassium is in relatively unavailable forms, which 
are quite resistant to weathering (Brady & Weil, 1999). 
Extractable potassium was significantly higher for TG98 (0.26 cmol/kg) and 
TT99 (0.23 cmol/kg) than that for PG97 (0.14 cmol/kg). According to Landoirs 
rating (1991), concentration of extractable potassium was not low for TG98 and 
TT99，but low for PG97. Besides weathering, litterfall and plant residues are 
important sources of extractable potassium which is released through 
decomposition (Brady & Weil, 1999). Therefore, higher extractab'e contents of 
potassium at TG98 and TT99 could be explained by the denser vegetation growth 
and higher organic matter content. 
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3.3.3.6 Other major cations 
Extractable contents of calcium and magnesium followed a similar pattern as 
that of extractable potassium (Table 3.3), the values of which were significantly 
higher for TG98 and TT99 than that of PG97, which is mostly probably due to the 
same reason of higher litterfall and organic matter content at these two sites. 
However, both elements were insufficient for plant growth in the soils of all sites 
according to Landon (1991). Extractable sodium concentration (Table 3.3) of all 
sites, on the other hand, was far below the higher limit of 1.0 cmol/kg that causes 
salt stress (Landon, 1991). 
3.3.4 Comparison among sites 
All the three studied sites were recently revegetated with similar ages of 4, 3 
& 2 years old for PG97, TG98 and TT99 respectively (Table 3.4). The cover 
soils of all sites were all substandard materials with poor organic and nutrient 
contents. Since soil takes a longer time to develop physically (Bradshaw, 1998), 
usually decades or even hundred years, it is not surprising that there was no 
significant difference in physical factors among these sites. 
On the other hand, chemical differences among the sites would be mainly 
due to the difference in soil chemical development. When comparing TG98 and 
PG97, both of which were hydro seeded and left for natural colonization, higher 
soil qualities were found on TG98 (Table 3.3). Better soil development occurred 
on TG98, and coincided with better vegetation development (unpublished data). 
Soil development on PG97, however, seems very slow when compared with a 
previous study taken at the same site three years ago (Lui, 1999)(Table 3.4). 
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Landfill gas problem in the soil of PG97 (but not TG98) would be the cause, 
which affected vegetation growth (Flower, et al., 1981; Gilman, et al. 1982; Chan 
et al., 1991; Dobson & Moffat, 1993; Tosh, et al., 1994; Chan et al., 1997 & 1998) 
and hence slow down the soil and vegetation development. Moreover, the 
presence of a greater number of nitrogen-fixing legumes on TG98, in terms of 
coverage and abundance, would also add more nutrients especially nitrogen to the 
soil by litter generation and root decay. 
On TT99, tree saplings were planted in 1 m or 1.5 m intervals (Swire SITA 
Waste Service Ltd., 2001). Since the trees were still very small, except Acacia 
spp. and Eucalytus spp., most areas of TT99 were covered by vegetation similar to 
that of TG98. Therefore, soil qualities of TT99 and TG98 were comparable, 
though the values were generally higher for TG98. It was mainly due to the 
difference in developing time, which reflected in organic matter content and soil 
pH. At this stage, planted species on TT99 seems not contributing to soil 
development, because they covered only a small percentage of total areas. 
PG97 statistically assembled TT99 more than TG98 (Table 3.3). As soils of 
PG97 remained under-developed in the past three years and TT99 was younger, it 
IS apparent that soil properties will be more comparable between these two sites. 
3.3.5 Comparison with other degraded sites 
The present findings are compared edaphically (Table 4.4) with the soil properties 
of local landfills (Chan et a l , 1997; Lui 1999), fire-affected slopes (Marafa and 
Chau, 1999) and restored borrow areas (Fung, 1995) of similar ages. Soils of all 
three sites mostly resemble recently developed landfills (Lui, 1999) and borrow 
54 
areas (Fung, 1995)，which are acidic, and deficient in organic matter and nutrients. 
However, their soil qualities were inferior in comparison with the leachate 
contaminated landfills (Chan et al, 1997) and least severely disturbed fire-affected 
lands (Marafa & Chau, 1999a). Since the landfill soils were poor in both 
chemical and physical quality, human management such as adding fertilizers or 
planting nitrogen-fixing tree species could be used to enhance vegetation 
development. 
3.3.6 Implications 
From the findings, landfill gas and leachate problem can be neglected 
when selecting native tree species for revegetating "recently restored" landfill. 
More emphasis should be put on selecting species which are tolerant to acidic soil 
with low organic and nutrient contents. Moreover, drought resistant species will 
be an advantage as there is a long, dry winter in Hong Kong (Section 2.3). On 
the other hand, to enhance the growth of selected species in such low quality soil, 
the addition of fertilizers or soil amendments may be necessary. 
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3.4 Conclusion 
In general, soils from all three sites were acidic，poor in organic matter and 
nutrients. Landfill gas problem was more severe on “old，，landfill (PPV) than 
“recently restored" one (TKO). Better soil development occurred on the two 
sites of T K O Landfill, TG98 and TT99, as reflected by the higher organic matter 
and nutrient contents. When selecting native tree species for revegetating such 
"recently restored" landfill, primary emphasis should be put on species tolerant to 
drought and nutrient-deficient soil. Furthermore, fertilizers and/or soil 
amendment can be applied to enhance their growth. 
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Chapter 4 Screening Native Species for Revegetating 
“Recently Restored” Landfills I: Drought Resistance Trial 
4.1 Introduction 
Historically, exotic tree species such as Acacia spp., Eucalyptus spp, 
Casuarina equisetifolia and Lophostemen confertus were used extensively in 
revegetating local closed landfills, mainly due to their promising performance in 
terms of growth and survival in local forestry (Corlett, 1999). Their performance 
has been supported by various local studies which demonstrated their suitability 
on closed landfills (Chan et a l , 1991; Lan & Wong, 1994; Lui, 1999). 
Given the right growing conditions, exotic plantations can develop quickly 
into woodlands with closed canopies, hence protecting the soil from erosion and 
providing good visual appearance. However, they are blamed for their poor 
ecological functions, as they are unable to provide food and nesting sites for most 
local wildlife (Zhuang & Yau, 1999). Moreover, species diversity, m terms of 
both flora and fauna, were found to be lower in exotic plantations (Zhou, 1986; 
Kwok & Corlett, 2000) than naturally developed secondary forests. In addition, 
monocultures of exotic species or mixed planting of a small number of species， 
would be potentially vulnerable to pest attack, as demonstrated by the local 
nematode attack on Pinus massoniana (Corlett, 1999) and other foreign examples 
(e.g. Haggar et al., 1998). 
Native species plantations can play the roles of exotics in speeding up soil 
development and modifying microclimates, though in a slower rate (Zhuang & 
Yau, 1999). A number of studies have suggested that bird-attracting natives in 
plantations could facilitate natural invasion (Robson, et al.’ 1992; Robson & 
Handel, 1993; Handel, 1997; Zhuang & Yau, 1999). Besides, native species are 
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considered ecologically more significant than exotics in conserving native fauna 
and flora (Evans, 1992). 
Since public awareness on ecological conservation has been rising in recent 
years, planting native species for the revegetation of landfill landscapes is perhaps 
a wiser option than using exotics. They can both play a similar role in soil 
development as exotics as well as provide better conservation functions as 
mentioned above. The main drawback of utilizing native species was probably 
the limited choices. There is a paucity of information or government 
documentation on the utilization of native species on local forestry, and limited 
number of successful or potential species had been stated (e.g. Cheung, 1999; 
Chong, 1999; Corlett, 1999; Chan, 2001). Moreover, sources of most natives are 
not guaranteed because of limited seed sources or low seed germination rate. All 
these have led to the low popularity of using natives in the revegetation of local 
degraded lands. On theother hand, past experience of planting trials of natives 
on closed landfills (Chan et al., 1991; Lan & Wong, 1994) may no longer be 
applicable due to changing soil environment on local closed landfills. Once poor 
candidates may perform better in the absence of landfill gas and leachate 
contamination (Sections 3.3.1 & 3.3.3.1). In order to encourage the usage of 
natives on "recently restored" landfills, there is a need to broaden the choices of 
suitable native species, where they can generally adapt to the harsh environment 
of these landfills, and simultaneously are available from the seedling markets. 
When choices of natives are widened, more species can be mix-planted on a site 
at the same time, hence providing an initially more diverse plantation. This 
plantation will resemble naturally established secondary woodlands in terms of 
species diversity, and support more diverse wildlife than exotic plantations. 
59 
When selecting native species, one of the prerequisites is that they must 
survive on the landfills. Besides, a relative high growth rate is desirable so that 
they can provide a close canopy quickly, hence preventing soil erosion and 
modifying the microclimate. The soil ameliorating effect is also an advantage. 
In the present studies, which mainly aim to widen the choices of native species for 
revegetating "recently restored" landfills, emphases were put on survival and 
growth rates, together with different ecophysiological responses. Their 
ameliorating effects on soil, however, were not studied here due to limited time 
and trial scale. 
In the following three chapters, a total of twenty native species were selected 
and tested under different assumptions. It was hoped that some suitable species 
could be found. It was also envisaged that experience generated from these 
studies could provide some hints for future selection of native species. 
4.2 Materials and Methods 
4.2.1 Principles 
In general, poor vegetation growth can be observed on severely disturbed 
lands such as closed landfills (e.g. Wong, 1989b), quarries (e.g. Jim, 2001) and 
borrow areas. Drought, soil physical problems and nutrient deficiencies are 
usually the important limiting factors (Bradshaw & Qiadwick’ 1980; Dobson & 
Moffat, 1993; Bradshaw, 2000). Growth problems from the latter two factors 
can be solved practically by human intervention such as application of fertilizer 
and/or organic amendments, though it may involve a relatively high cost. 
However, drought stress cannot be prevented in dry season, where irrigation in 
such a large area of closed landfills is not cost-effective. In Hong Kong, dry 
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season generally starts from October to February of the next year (Hong Kong 
Observatory, 2002) and total rainfall during this season contributes less than 20% 
of the annual rainfall. There is no rain in over twenty days in each month during 
dry season (Table 4.1) and drought periods are frequent (continuously no ram for 
more than ten days)(Table 4.2). In nearly every one to two years, there will be a 
drought period that lasts for more than thirty days. Therefore, species used in 
revegetation should at least survive for more than thirty days without any rainfall; 
otherwise, failure is predicted. 
Table 4.1 Number of days with rainfall > 0.05 m m in Hong Kong (from 1991 to 
2000) (Hong Kong Observatory, 1991-2000). 
Month 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 M ^ 
January 8 4 7 0 7 4 6 9 3 4 ^ 
February 5 15 3 10 11 14 11 17 0 12 9.8 
March ‘ 8 15 11 8 10 13 10 9 14 6 10,4 
April 5 16 13 5 7 10 11 13 12 20 11.2 
May 13 18 11 11 9 15 18 16 17 11 13.9 
June 18 17 26 22 19 17 23 25 16 15 19.8 
July 19 15 1 26 23 17 18 17 22 19 17.7 
August 18 15 17 22 22 14 21 14 20 17 18.0 
September 15 16 15 20 16 19 15 12 16 7 15.1 
October 7 7 5 3 13 8 7 9 6 15 8.0 
November 4 3 12 1 4 5 4 6 i 7 4.7 
December 6 7 6 13 1 0 3 6 6 7 5.5 
Total 126 148 127 141 142 136 147 153 133 140 139.3 
Table 4.2 Frequency of drought periods in Hong Kong from 1991 to 2000 
(without rainfall for 10 days or more) (Hong Kong Observatory, 1991-2000). 
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Mean 
10-19 days 5 2 7 2 6 4 0 5 3 5 ^ 
20-29 days 2 1 0 0 1 1 3 1 2 0 1.1 
30-39 days 0 1 0 1 0 0 0 0 0 1 0.3 
40-49 days 0 0 0 1 0 0 1 0 1 0 0.3 
>49 days 0 0 0 0 0 0 0 0 0 0 0.0 
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As the first part of screening experiment, 20 selected species were tested 
against a drought period of thirty days, and the outstanding performers would be 
further studied in the next two chapters. Drought stress on plant can be detected 
in a number of ways, such as reduction in chlorophyll fluorescence (in terms of 
Fv/Fm ratio)(Sallanon et al” 1998; Maxwell & Johnson, 2000; No^ues & Baker, 
2000), transpiration rate (Elhaak et al” 1997) and stomatal conductance, or 
increase in abscisic acid (ABS) content (Creelman & Mullet, 1991; Maldonado et 
al., 1997). 
In this study, chlorophyll fluorescence was used to investigate the adverse 
effect of drought stress on the selected species. Light absorbed by the 
photo synthetic pigments is used for photosynthesis, dissipated as heat or as 
chlorophyll fluorescence. Therefore, chlorophyll fluorescence is inversely 
related to the rate of photosynthesis (Lichtenthaler, 1988). The ratio of the 
variable to the maximum components of fluorescence (Fv/Fm) in the initial part 
of “Kautsky” response curve (Figure 4.1), which has been shown to be highly 
correlated with the quantum yield of photo synthetic system II (Mulkey & Pearcy, 
1992; Schreiber et al., 1995), was measured to assess the efficiency of PSII and its 
performance under stress. 
Under drought stress, different plant species have different strategies to 
reduce the stress, namely escape, avoidance and tolerance (Levitt, 1972). 
Reducing water loss is usually a short-term approach of avoidance and common 
plant responses which include stomatal control, leaf movements, smaller leaves 
and shedding older leaves (Freitas, 1997). In this experiment, the number of 
standing leaves, which would decrease under drought stress, was also recorded. 
This mainly deals with the decrease in surface area for water loss, in terms of 
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standing leaf number, which can reflect the stress level on a particular species. 
P (=Fm if light is saturating) 
/ f \ 
/ ； 、 
! Fv 
I 
F q ^ f Jf ""^。〜〜一 
,0.3 s— 3 min ^ 
— f — T — 一 … 一 … … “ = ^ 
Dark J Light 
Figure 4.1 Schematic diagram of the pattern of chlorophyll fluorescence of an 
illuminated leaf. Fq represents minimal fluorescence, F m represents maximal 
fluorescence and Fv represents the difference between minimal and maximal 
fluorescence, 
4.2.2 Species selection 
The primary aim of this research is to widen the choices of native species. 
Totally 20 species were selected and their general descriptions were summarized 
in Table 4.3. They belong to 13 families, and are available in local seedling 
market. The species were selected according to at least one of the following 
reasons. 
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Sixteen species were included because of their wide local abundance (Xing 
et al., 2000), i.e. Bischofia javanica. Bride Ha tomentosa, Celtis sinensis, 
Cinnamomum camphora, Ficus microcarpa, Litsea cubeba, Litsea glutinosa, 
Machilus velutina, Melicope pteleifolici, Ormosia emarginata. Reeves la 
thyrsoidea, Sapium sebiferum, Schefflera octophylla, Schima superba, Scolopia 
chinensis and Stercuha lanceolata. On the other hand, 4 restricted or rare 
species were also chosen for comparison, namely Cyclobalanopsis eclithiae, 
Cyclobalanopsis neglect a, Ormosia pachycarpa and Syzygium handelii. 
Eleven species were recommended by at least one cited publication in Table 
4.3 (Cheung, 1999; Chong, 1999; Corlett, 1999), for their likelihood of success m 
local afforestation, though not yet confirmed for their ability to survive on 
"recently restored" landfills. They were B. javanica, C. sinensis, C. camphora, C. 
edithiae, C. neglect a, F. microcarpa, L. glutinosa, M. velutina, S. sebiferum, S. 
superba and S. lanceolata. Eight species were found on local landfills (Chan et 
a l , 1997; Lui, 1999), which may be potentially adapted to landfill conditions, i.e. 
B. tomentosa, C. sinensis, C camphora, F. microcarpa, L. glutinosa, S. sebiferum, 
S. octophylla and S. lanceolatcL 
S. sebiferum and S. chinensis are distributed along coastal area, a harsh 
environment where drought and nutrient deficient problems are as common as on 
landfill. O. emarginata and O. pachycarpa are native legumes that are able to 
form root nodules and can most probably obtain nitrogen by symbiotic fixation. 
4.2.3 General experimental design 
Twenty native species were selected to test their performance against drought 
conditions, in a greenhouse. In addition, two common exotic species on local 
65 
landfills, Eucalyptus torelliana and Lophostemon confertus, were included for 
comparison. Ten seedlings, which were 15-30 cm in height, were used for each 
species in the experiment. Before starting the experiment, soil in the seedling 
bags were removed, provided that no root was damaged. The seedlings were 
then transplanted to pots of 19 cm in diameter, 18 cm in height and 3.5 liter in 
volume. The soil used was a completely decomposed granite (CDG) obtained 
from Lam Tei Quarry, Tuen Mun. The seedlings were acclimated for one month, 
during which time the seedlings received sufficient water, i.e. water was applied 
each day. The seedlings were divided randomly into two groups, each group 
consisting of five individuals or replicates. The first group received no watering 
throughout the experiment period while the second group was well-watered (Table 
4.4). 
Table 4.4 Experimental design for pot trial (n=5). 
Treatments Irrigation Experimental period Monitoring interval 
Drought-stressed (D) No 30 days 5 days 
Well-watered (W) Yes 30 days 5 days  
The pots were arranged in a randomized block design (Plate 4.1). Drought 
resistance was determined by counting the standing leaf number and measuring 
chlorophyll fluorescence by a plant efficiency analyzer (Hansatech Instruments, 
King's Lynn, UK). Three fully expanded leaves of each seedling were used for 
measuring the value of Fv/Fm. The measurements were taken every five days 
for 30 days. After 30 days of experiment, all the drought-stressed plants 
(Treatment D) were watered to field capacity and the same measurements were 
taken after 5 days. 
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Plate 4.1 Tree seedlings arranged in a randomized block design. 
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4.2.4 Soil source and analysis 
Soil (designated as LTl) for filling the pots was a completely decomposed 
granite. The soil was poor in both physical and chemical qualities, and was 
typical in nature to soils used as cover on most landfills. In addition, since soil 
of "recently restored" landfills was free from landfill gas and leachate 
contamination (Sections 3.3.1 and 3.3.3.1), performance of the tested species m 
pots containing the soil can generally reflect their performance on landfill soils. 
The soil was sieved through a 5 m m mesh before potting and 10 soil samples 
were taken randomly from the bulk of soil for texture determination and chemical 
analyses. The soil samples were air dried for 2 weeks and passed through a 2 
m m sieve before being analyzed using methods as described in Chapter 3. 
4.2.5 Statistical analysis 
The differences in means between two treatments of the same species were 
determined by t-test. All data were analyzed by Statistical Package for the 
Social Science (SPSS) for Windows Release 9.0 using a Pentium III PC。 
4.3 Results and Discussion 
4.3.1 Soil used for filling the trial pots 
The properties of the soil used in this experiment are summarized in Table 
4.5. The soil was classified as a sandy loam and contained nearly 80% sand, in 
which most pores were large. It was therefore very susceptible to excess 
drainage (Archer & Smith, 1972). 
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Table 4.5 Physical and chemical properties of the soil used in the pot trial (n=10). 
. Source Rating^ 
^ Low Medium High 
Physical properties 
Texture 
Sand (%) 78.3 (2.6) - - -
Silt (%) 9.9 (2.6) ~ - -
Clay (%) 11.8(1.6) - - -
Class Sandy loam - - -
Chemical properties 
pH 4.60 (0.16) <5.5 5.5-7.0 7.0-8.5 
Conductivity (j^S/cm) 109.2 (77.5) <4000 4000-8000 >8000 
Organic carbon (%) 0.21 (0.12) <4 4-10 >10 
Organic matter (%) 0.36(0.21) <7 7-12 >17 
Total N (%) 0.01 (0.01) <0.2 0.2-0.5 >0.5 
Extractable NH4-N (jig/g) 15.64 (4.07) - - -
Extractable NO3-N (|ig/g) 2.91 (1.10) - - -
Total P (|ig/g) 38.90 (21.60) <200 200-1000 >1000 
Available PO4-P (^ ig/g) 19.16(1.84) <20 20-40 >40 
Total K (|ag/g) 4357 (1063) - - -
Extractable K (cmol/kg) 0.11 (0.01) <0.2 - >0.6 
Extractable Ca (cmol/kg) 0.35 (0.18) <4 - >10 
Extractable M g (cmol/kg) 0.11 (0.02) <0.5 - >4 
Extractable N a (cmol/kg) 0.15 (0.02) - - >1 
C:N ratio 20.24(14.61) - - ： 
^Rating after Landon (1991)。 
Values in parenthesis represent standard deviation. 
The soil was strongly acidic (pH = 4.60) and non-saline with a low level of 
electrical conductivity (109 )aS/cm). It contained an extremely low level of 
organic matter (0.36%) and total nitrogen (0.01%), representing a very small 
nutrient capital. A rather large part of total nitrogen was in mineral forms, about 
16% for NH4-N and 3 % for NO3-N, compared to 1-3% for average soils (Brady 
and Weil, 1999), indicating its underdeveloped status. Soil available phosphorus 
was low, averaging 19 jag/g. The soil contained low levels of extractable bases, 
0.11, 0.35, 0.11 and 0.15 cmol/kg for potassium, calcium, magnesium and sodium 
respectively, probably due to short development time as the granite is inherently 
short in these materials. 
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In summary, the soil was very poor in quality and was typical of CDG. It 
both physically and chemically resembled soils of the three landfill sites (refer to 
Table 3.3), yet slightly inferior to them. Therefore, the performance of the 
planted species on the C D G could represent their performance on the "recently 
restored" landfills, where the contamination of landfill gas and leachate was 
minimal (Chapter 3). 
4.3.2 Chlorophyll fluorescence 
Table 4.6 shows the Fv/Fm values of the 22 species in the drought resistance 
study. The value reflects the photo synthetic efficiency of a species under certain 
condition. A sustained decrease in dark adapted Fv/Fm can indicate the presence 
of drought stress (Erpon et al., 1992). Therefore, intraspecific comparison of the 
leaf Fv/Fm between the two treatments, D and W, can indicate when the species 
started to be affected by drought. From the results, the Fv/Fm values between 
the two treatments were not different statistically after 20 days for all species 
(Appendix 1). This meant that the photosynthetic ability of all tested species 
remained unaffected 20 days after watering stopped. 
Fv/Fm values for Treatment D were lower, though not significant, than those 
for Treatment W after 25 days in nearly all species, indicating a depression m 
photosynthetic efficiency. However, significant reduction of the values as found 
only in four species, B. tomentosa, C. sinensis, S. hcinclelii and E. torelliana, under 
Treatment D (Table 4.6). This indicates either PSII reaction centers had been 
damaged, or slowly relaxing quenching had been induced (Nogues & Baker, 
2000). The situation became worse after a drought period of 30 days. Twelve 
selected native species and two exotic species had a significantly lower Fv/Fm 
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Table 4.6 Fv/Fm of 22 different species during the drought resistance trial (n=5). 
‘~Day 25 “ Day 30 “ Day 35 “ 
Species D W t-test D W t-test D W t-test 
Bischofiajavanica 0.803 0.841 N S 0.512 0.814 * 0.792 0.832 N S 
Bridelia tomentosa 0.768 0.826 * 0.594 0.795 * 0.803 0.809 N S 
Celtis sinensis 0.596 0.807 * 0.577 0.759 ** 0.792 0.789 NS 
Cinnamomum camphora 0.829 0.836 N S 0.755 0.805 NS 0.813 0.816 NS 
Cyclohalanopsis edithiae 0.696 0.789 N S 0.184 0.735 ** 0.153 0.758 * 
Cydobalanopsis neglecta 0.821 0.819 NS 0.676 0.780 NS 0.806 0.810 NS 
Ficiis microcarpa 0.815 0.831 N S 0.730 0.801 N S 0.814 0.808 NS 
Litsea cubeba 0.735 0.814 NS 0.343 0.738 * 0.453 0.802 * 
Litsea glutinosa 0.691 0.823 N S 0.393 0.788 ** 0.775 0.809 NS 
Machilus velutina 0.786 0.809 N S 0.610 0.776 NS 0.762 0.802 NS 
Mehcope pteleifolia 0.680 0.773 NS 0.709 0.820 * 0.745 0.797 NS 
Ormosia emarginata 0.822 0.829 N S 0.605 0.771 NS 0.784 0.820 NS 
Onnosia pachycarpa 0.800 0.798 N S 0.584 0.739 * 0.691 0.784 N S 
Reevesia thyrsoidea 0.812 0.828 N S 0.699 0.792 NS 0.791 0.818 NS 
Sapium sebiferum 0.843 0.859 N S 0.696 0.830 ^ 0.723 0.847 NS 
Schefflera octophylla 0.802 0.792 NS 0.747 0.773 NS 0.795 0.763 NS 
Schima superba 0.816 0.839 NS 0.601 0.813 * 0.761 0.824 NS 
Scolopia chinensis 0.821 0.835 N S 0.724 0.811 * 0.808 0.830 NS 
Sterculia lanceolata 0.816 0.818 NS 0.774 0.769 NS 0.802 0.808 NS 
Syzygium handelii 0.675 0.824 * 0.453 0.786 * 0.626 0.8C9 NS 
Eucalyptus torelliana 0.594 0.832 ** 0.369 0.787 * 0,642 0.820 NS 
Lophostemon confertus 0.799 0.832 N S 0.636 0.808 * 0.820 0.827 NS 
D represented drought-stressed and W represented well-irrigated. 
For t-test of treatments D and W comparison, N S = not significant; * p<0.05; ** 
p<0,0L 
value. Only eight native species showed no difference in Fv/Fm values between 
two treatments throughout the experiment, which included C. camphorCL C. 
neglecta, F. microcarpa, M. velutina, O. emarginata, R. thyrsoidea, S. octophylla 
and lanceolata. The photo synthetic efficiency of these species under drought 
stress remains comparable to the continuously watered counterparts. 
Five days after removal of drought stress (Day 35), all species from 
Treatment D, that were previously under stress had their Fv/Fm values restored to 
those of Treatment with the exception of C. edithiae and L. cubeba. This 
suggests a rapid recovery of photosynthetic efficiency by the selected species after 
withdrawing the drought stress, and hence their photosynthetic productivity per 
unit area. However, the total leaf area of a plant under drought stress, in terms of 
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leaf number, was greatly decreased (demonstrated in Section 4.3.3). The total 
productivity was reduced as a result. 
Since the primary aim of this experiment was to screen out species that are 
more drought resistant, species less seriously affected by drought were chosen for 
the next part of the project. Therefore, in terms of Fv/Fm values, C. camphor a, 
C. neglect a, F. micro carp a, M. velutina, O. emarginata, R. thyrsoidea, S. 
octophylla and S. lanceolata were relatively better candidates, whose Fv/Fm 
values were higher. Far different from expected, the two exotics did not show 
superior performance, and this would be discussed in Section 4.3.5. 
4.3.3 Standing leaf number 
Under drought, plants often react by shedding their older leaves or replacing 
larger leaves with smaller leaves (Freitas, 1997). Therefore counting standing 
leaf number can tell if a plant is in water storage and under drought stress. 
Table 4.7 shows the change in leaf number of different species under the two 
treatments, in terms of mean percentage of total leaf number to that before the 
experiment. Reading of 100 at a particular time (e.g. Day 5) for a particular 
species means the total standing leaf number of that species at thai day was the 
same as at the beginning, while a reading larger than 100 means an increase in 
leaf number. 
From the results, the most drought-stressed species had kept their leaf 
number more or less the same as before the experiment during the first 20 days, 
while the total leaf number of well-irrigated plants had grown gradually. The 
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difference was apparently due to storage of water for the plants with Treatment D. 
Three drought-stressed native species, R. thyrsoidea, S. sebiferum and S. 
octophylla, however, had a comparable increase in leaf number with the 
well-irrigated plant during this period. 
Starting from Day 20, some species under Treatment D started shedding their 
leaves intensively, which indicates that these species had faced a serious shortage 
of water and leaf shedding became an important measure to reduce water loss. At 
Day 20, C. sinensis (native) and E. torelliana (exotic) kept less than 80% of their 
original leaves. At Day 25, four more species, three natives {B. javanica, M. 
pteleifolici and S. handeli) and one exotic (L. confertus) did not have 80% of their 
leaves left. At Day 30, only nine species kept more than 80% of their leaves, 
they were C. camphora, C. neglecta, F. microcarpa, L. glutinosa, M. velutina, R. 
thyrsoidea, S. octophylla, S. superba and S. chinensis, while five species (B. 
javanica, C. sinensis, C. edithiae, E. torelliana and L. confertus) had lost more 
than 50% of their leaves. 
Though drought stress had led to some level of leaf shedding in most species, 
It was surprising that two exotic species E. torelliana and L. confer�LIS performed 
relatively inferiorly to the native species. Higher transpiration rate was recorded 
in L. confertus (Chapters 5 and 6) than in other species even in dry winter, so that 
water was used up very soon after irrigation stopped and symptoms of water stress 
appeared. Nevertheless, C, neglecta, F. microcarpa, R. thyrsoidea, S. octophylla, 
S, superba and S. chinensis were more outstanding and had more than 95% of 
existing leaves remaining throughout the experiment. 
On the other hand, comparison of the results of a particular species under 
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drought stress (D) and no stress (W) can tell the effects of drought on growth for 
that species (Table 4.7). The values obtained from Treatment W represented the 
potential growth and that from Treatment D represented the growth under stress. 
There was no significant difference between Treatment D and W for nearly all 
species until Day 20, and this suggests that the effects of drought on the growth of 
the photo synthetic organs (leaves) were not significant for most species, so as to 
their photo synthetic efficiency, Fv/Fm (Section 4.3.2). Only two natives {B. 
tomentosa and S. handelii) and one exotics {E. torelliana) had significantly lower 
value for Treatment D than Treatment W at Day 20. Drought stress began to 
suppress growth after Day 20 and intensive negative growth in terms of leaf 
number was demonstrated. At Day 25, eight natives {B. javanica, B. tomentosa, 
C. sinensis, C. camphora, F. microcarpa, M. pteleifolia, S. sebiferum and S. 
handelii) and two exotics {E. torelliana, L. confertus) had shown significant 
difference between the two treatments. 
Just before the withdrawal of drought stress (at Day 30), seven species, i.e. C 
neglect a, L. glutinosa, M. velutina, O. p achy carp a, R. thyrsoidea, S. octophylla 
and S. chinensis seemed unaffected by the stress (Table 4.7). Except O. 
p achy carp a, all these species conserve over 80% of their leaves when compared 
with their potential growth (Table 4.8) after 30 days. Once the stress was 
removed, their photo synthetic efficiency (Section 4.3.2) and productivity quickly 
restored in 5 days, where photosynthetic productivity is a function of the total 
received radiation (affected mainly by total leaf area) and the efficiency with 
which this intercepted radiation is utilized (Fv/Fm value) for net dry matter 
production. 
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Table 4.8 Standing leaf number, expressed as a percentage of Treatment W, of 22 
different species under Treatment D during the drought resistance trial (n=5). 
Species Day 5 Day 10 Day 15 Day 20 Day 25 Day 30 Day 35 
Bischofui javanica 120 % ^ 48 21 41 
Brideha tomentosa 88 96 92 67 62 52 67 
Cehis sinensis 93 77 84 56 32 23 29 
Cinnamomum camphora 101 96 100 94 83 78 79 
Cyclobalanopsis edithiae 97 103 104 90 103 20 23 
Cyclobalanopsis neglecta 92 92 90 99 101 85 80 
Ficiis micro carp a 98 97 91 84 81 71 70 
Litsea cubeba 99 98 107 100 91 36 38 
Litsea glutinosa 94 99 96 94 80 90 90 
Machilus velutina 105 94 87 88 87 83 8 
Mehcope pteleifolia 98 84 87 86 54 32 52 
Ormosia emarginata 103 112 114 105 101 69 72 
Ormosia p achy carp a 91 96 95 96 99 76 63 
Reevesia thyrsoidea 111 145 139 123 109 95 97 
Sapiiim sebiferum 90 81 82 85 69 38 34 
Schefflera octophylla 95 100 94 90 106 86 79 
Schima superba 98 98 93 85 80 73 72 
ScoJopia chinensis 94 96 97 90 95 89 87 
Sterculia lanceolata 86 91 86 83 75 56 46 
Syzygiwn handelii 96 92 90 78 64 50 61 
Eucalyptus torelliana 89 93 65 58 45 27 33 
Lophostemon confertus 100 101 ]£2 ^ ^ ^ 62 
4.3.4 Overall evaluation 
Some of the species performed better in terms of Fv/Fm value while others 
were more outstanding in retaining their leaves. To make an overall 
recommendation for the species studied, a ranking system was used, in which a 
maximum of 5 marks were given for each parameter (Fv/Fm and percentage 
standing leaf number) for each species, with a maximum of 10 for a particular 
species. For each measurement, the values of the two treatments were compared 
statistically by student's t-test (Appendix 4.1 and Table 4.7). If the values were 
significantly different for a measurement, one mark was deducted for that 
parameter. The species were ranked according to their corresponding marks 
(Table 4.9). 
76 
Table 4.9 Ranking of the 22 species according to their drought resistance scores. 
Rated parameter  
Standing 
leaf 
Ranking Species Origin Fv/Fm number Total 
1 Cyclobalanopsis neglecta 竹葉櫟 Native 5 5 10 
1 Machilus velutina 糸戎摘 Native 5 5 10 
1 Reevesia thyrsoidea 梭羅樹 Native 5 5 10 
I Schefflera octophylla 鴨腳木 Native 5 5 10 
5 Litsea glutinosa 簏槁樹 Native 4 5 9 
5 Ormosia emarginata 凹葉紅丑 Native 5 4 9 
5 Ormosia pachycarpa Native 4 5 9 
5 Scolopia chinensis 朿!J格 Native 4 5 9 
9 Schima superba 木荷 Native 4 4 8 
9 Sterculia lanceolata 假賴婆 Native 5 3 8 
II Cinnamomum camphora 樟樹 Native 5 2 7 
11 Ficus microcarpa /細葉榕 Native 5 2 7 
13 Bischofia javanica 重陽木 Native 4 2 6 
13 Cyclobalanopsis edithiae 厚葉I樂 Native 3 3 6 
13 Litsea cubeba 山蒼樹 Native 3 3 6 
13 Lophostemon confertus 紅膝木 Exotic 4 2 6 
13 Mehcope pteleifolia 三極苦 Native 4 2 6 
13 Sapium sebiferum ,島臼 Native 4 2 6 
19 Celtis sinensis 朴樹 Native 3 2 5 
20 Bridelia tomentosa 逼迫仔 Native 3 1 4 
20 Eucalyptus torelliana 毛葉桉 Exotic 3 1 4 
20 Syzymim handelii 貴州蒲桃 Native 3 1 4 
According to the ranking system, four species, including C. neglecta, M. 
velutina, R. thyrsoidea and S. octophylla were most resistant to drought, as there 
was no significant difference between two treatments for both parameters. L. 
glutinosa, O. emarginata, O. pachycarpa and S. chinensis followed, with total 
marks of 9. These together with S. superba, S. lanceolata, C. camphora and F. 
microcarpa were considered to be relatively drought resistant species. These 
species were further tested in the field (Chapter 5) and with different management 
practices (Chapter 6) so as to have a more detailed understanding of their growth 
under minimal aftercare. 
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4.3.5 Features of the drought resistant species 
The 12 outstanding species can be further generalized with regard to two 
special features, namely being common in abundance and recommended m 
afforestation (Table 4.10). It was more likely for a species to have one of the two 
features to be drought resistant. For example, there was 16 species being 
common out of 20 selected native species in the trial, and under the present 
marking scheme, the probability of a common species selected as drought 
resistant (expected probability) was 16/20 or 0.80 if the feature exerted no effect 
on the result (Table 4.3). However, the actual probability (0.83) was higher than 
0.80, which indicates that a common species was more likely to be drought 
resistant. This was also true for another features. 
Table 4.10 Practical and botanical features of the twelve drought resistant species. 
Species Common in Recommended for local 
Abundance' afforestation" 
Cmnamoiniim camphora Yes Yes 
Cyclobalanopsis neglecta No Yes 
Ficus microcarpa Yes Yes 
Litsea glutinosa Yes Yes 
Machilus velutina Yes Yes 
Ormosia emarginata Yes No 
Ormosia pachycarpa No No 
Reevesia thyrsoidea Yes No 
Schefflera octophylla Yes No 
Schima superba Yes Yes 
Scolopia chinensis Yes No 
Stercuha lanceolata Yes Yes 
Probability  
Expected ^ 
Actual 0.83 
'Xing et a l , 2000. 
-Corlett, 1999. 
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4.3.6 Limitations for the study 
Some species adopt the response of maximizing water uptake under drought 
stress, instead of reducing water loss (Ludlow, 1991). These species usually 
develop large and extensive rooting system to explore more water to compensate 
higher water loss. However, it was impossible for these species to get any 
advantage in a pot trial. For example, the two studied exotics are indeed drought 
resistant (Lui, 1999) and good performer in local forestry (Corlett, 1999). They 
are able to form extensive rooting systems in a relatively short time. However, 
the volume in the pot was definitely limited for these species to develop their 
adaptive mechanisms against drought. 
Acclimation period with sufficient irrigation was given for all species, so that 
they had a longer time to develop their rooting system to extract water and 
nutrients. However, there is commonly no such aftercare for the transplanted 
trees. Besides, effects of repeated drought periods was not studied here due to 
limited time, but it is very common that there are several continuous drought 
periods separated by rainy days. In addition, other environmental factors such as 
competition with other plant species can also affect the performance of a 
particular species on a landfill. Therefore, a field study was needed to confirm 
the results obtained。 
4.4 Conclusion 
Twenty native and two exotic species were studied for their drought 
resistance in a greenhouse pot trial. Twelve species were evaluated as more 
drought resistant, in terms of Fv/Fm value and standing leaf number; they were C. 
neglecta, M. velutina, R. thyrsoidea, S. octophylla, L. glutinosa, O. emarginata, O. 
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pachycarpa, S. chinensis, S. superba, S. lanceolata, C. camphora and F. 
microcarpa. Species having the features of being common or recommended in 
afforestation are more likely to be drought resistant. 
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Chapter 5 Screening Native Species for Revegetating 
“Recently Restored” Landfills II: Field Trial 
5.1 Introduction 
Generally, the effects of a planted species on ecological restoration depend on 
its ability to survive and grow under the specific environment (Harris et al., 1996). 
Hence, the selection of appropriate native species which can adapt to the site 
conditions is the most crucial to ecologically restore a landfill (Butterfield & Fisher, 
1994). However, experience of native species selection in afforestation is rare in 
Hong Kong and the commonly planted native trees were restricted to several species 
such as Cinnamomum camphor a, Liquidambar formosana, and ^^chima superba 
(Corlett, 1999). 
Besides, the local studies were usually site specific that may not be applied to 
the revegetation of recently restored landfills. For example, a local study dealing 
with a native planting trial on Tung Chung (Chan, 2001) was located on a 
fire-disturbed site where soil disturbance was not severe and the soil quality there 
was better than other severely degraded sites such as borrow areas and landfills 
which had poorly developed soils. In addition, the results of most local trials were 
poorly documented (Corlett, 1999). The methodologies for species selection and 
site characteristics of these trials were lacking. This approach led to a low 
popularity of natives and limited choices. 
It is obvious that an initially more diverse flora would favor the development of 
a more diverse ecosystem by providing various food types and nesting sites. 
Therefore, there is a need to broaden the choices of natives, so as to encourage their 
use in revegetating landfills and this was major aim of this project. 
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As mentioned before, landfill factors such as gas and leachate were no longer 
significant on "recently restored" landfills. Drought, nutrient deficiencies and poor 
soil physical properties were probably the most important limiting factors. A 
drought resistant species would hence be more likely to be successful in revegetation, 
especially when the latter two factors can be removed by soil manipulation such as 
application of fertilizers and soil amendments. 
In this chapter, in situ performance of those previously screened drought 
resistant species was therefore evaluated on a "recently restored" landfill, Tsueng 
Kwan O Landfill Phase II/III, so as to find out their suitability for planting on 
landfills. This could provide information on how a particular species interacts with 
the landfill environment, and with the effects of sunlight, rainfall, soil, and other 
species. The results obtained here were also supplementary to the findings on 
Chapter 4, as the greenhouse pot trial had some limitations such as absence of 
assessment of long-term (e.g. at least 3 months) drought stress and repeated drought 
periods, and limited space for root development。 
5.2 Materials and Methods 
5.2.1 Tree planting 
Totally 13 species were planted on a very gentle slope (< 5°) located on Tseung 
Kwan O (TKO) Landfill Phase II/III in May 2001, and the area was designated as 
TNP. Eleven of the twelve native species that were screened in Chapter 4 (Table 
5.1) as drought resistant species were studied {Ormosiapachycarpa was excluded in 
the experiment due to lack of seedlings). Two exotic species commonly used in 
revegetating local landfills: Acacia auriculiformis and Lophostemon confertus (Chan 
et al., 1991; Lan & Wong, 1994) were also included. The former exotic species is 
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capable of nitrogen-fixation. 
Table 5.1 Species selected for planting trial on T K O Landfill 
Species Origin Family' 
Cinnamomum camphora 棒樹 Native Lauraceae 
Cydobalanopsis neglecta 竹葉櫟 Native Fagaceae 
Ficus microcarpa 細葉格 Native Moraceae 
Litsea glutinosa S t B ® Native Lauraceae 
Machilus velutina Native Lauraceae 
Ormosia emarginata 凹葉/紅豆 Native Papilionaceae 
Reevesia thyrsoidea 梭羅樹 Native Sterculiaceae 
Schefflera octophylla 甲鳥胎[I木 Native Araliaceae 
Schima superba 木荷 Native Theaceae 
Scolopia chinensis 朿fj丰冬 Native Flacourtiaceae 
Sterculia lanceolata 假蘋婆 Native Sterculiaceae 
Acacia auriculiformis 耳果IB思、 Exotic Mimosaceae 
Lophostemon confertus 糸工0_木 Exotic Myrtaceae 
'Hong Kong Herbarium, 1993. 
Seedlings, with height of about 30 cm, were provided by the Tai Tong Tree 
Nursery or the Kardoorie Farm & Botanic Garden. Twenty seedlings of each 
species were planted in late M a y 2001 after site clearing (Plate 5.1). They were 
planted at an equal spacing of 1 m x 1 m and arranged in a randomized block design 
(Plate 5.2). 
5.2.2 Site environmental factors 
Soil landfill gas and moisture contents of TNP were recorded in July 2001 and 
in January 2002 according to Section 3.2.1. Soil samples were collected and 
analyzed according to Section 3.2.2 except number of sample point was 5 instead of 
20. 
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Plate 5.1 Clearing of tree seedling planting area on TKO Landfill. 
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Plate 5.2 Tree seedlings arranged in a randomized block design (four months after 
seedling planting). 
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5.2.3 Survival and growth responses 
The survival rate was recorded as the percentage of individuals found alive at 
the trial plot TNP. Height and basal diameter of each seedling were measured at 
four month intervals from M a y 2001 to June 2002, using a long ruler and a caliper 
respectively. The two growth parameters were expressed as annual increment, 
annual percentage increment and per interval increment. 
5.2.4 Ecophysiological responses 
For each species, five seedlings were chosen randomly. Three fully expanded 
healthy leaves of each selected seedlings were used for all measurement. To reveal 
their suitability under the environmental conditions prevailed in restored landfills, 
their photosynthetic responses, chlorophyll fluorescence by a plant efficency 
analyzer (Hansatech Instruments, King's Lynn, UK), stomatal conductance and 
transpirational responses by a steady-state porometer (LI-1600, LI-COR Inc., 
Lincoln, USA) were studied. Measurements were taken in July 2001 and January 
2002 to represent their corresponding responses in summer and winter. 
5.2.5 Statistical analysis 
Height and basal diameter were expressed as annual growth, annual percentage 
growth and seasonal growth. Their differences among different species were 
determined by one-way analysis of variance (ANOVA). Tukey's Honestly 
Significant Difference (HSD) test at p = 0.05 was calculated to denote significant 
differences between sites. The differences in ecophysiological responses among 
different species were also determined by A N O V A with Tukey's H S D test, while 
differences in the responses between summer and winter were determined by t-test. 
All data were analyzed by Statistical Package for the Social Science (SPSS) for 
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Windows Release 9.0 using a Pentium III PC. 
5.3 Results and Discussion 
5.3.1 Environmental factors of Plot TNP 
Plant growth on Plot TNP was not likely to be affected by landfill gas factors, 
as the carbon dioxide content was very low (summer: 1.86%; winter: 0.18%) and no 
methane was detected (Table 5.2). The values were comparable to a non-landfill 
site in a local study (Chan et al., 1997). Water availability was far lower in winter 
than in summer. 
Table 5.2 Landfill gas and soil moisture contents on the cover soil of Plot TNP on 
T K O Landfill (n=5). 
7-8/2001 1-2/2002 
Carbon dioxide (%) L86(L13) 0.18(0/16) 
Methane (%) 0.00 (0.00) 0,00 (0.00) 
Oxygen (%) 18.5 (LO) 20.9 (0.2) 
Soil moisture (%) 24.8 (4.9) 12.1 (1.9) 
Values in parenthesis represent standard deviation. 
Soil properties of the Plot TNP are summarized in Table 5.3. The soil was 
very compact with a high bulk density (1.61 g/cm^) and low total porosity (39.3%), 
which all fell outside the preferred values for plant growth. The soil was classified 
as sandy loam and contained over 70% sand, in which most pores were large, which 
is very susceptible to excess aeration and drainage (Archer & Smith, 1972). 
The soil was strongly acidic (pH 二 4.68) and non-saline (conductivity: 66.8 
|aS/cm). Levels of organic matter (0.63%) and total nitrogen (0.vj4%) were low, 
representing a small nutrient capital, though the organic matter was perhaps readily 
decomposed to release nutrient with low C:N ratio (〜10). The mineral nitrogen 
contents were far lower than the critical level of 50 i^ g/g (Dutton & Bradshaw, 1982), 
mainly in the form of ammonium (8.96 jig/g) rather than nitrate (2.40 jug/g) because 
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of the low pH (Foth & Ellis, 1997). Soil available phosphorus was not too low, 
averaging 18.41 jag/g (Table 5.2), but levels of extractable bases were low, averaging 
0.28, 0,74, 0.19 and 0.25 cmol/kg for potassium, calcium, magnesium and sodium 
respectively, owing to short development time. In summary, the soil was very poor 
in quality as expected which was physically and chemically resembling TG98 and 
TT99. 
Table 5.3 Physical and chemical properties of cover soil (top 10 cm) of Plot TNP on 
T K O Landfill (n=5). 
Site Rating  
T N P L o w ' M e d i u m 1 High'Critical Preferred 
value� value� 
Physical properties 
Bulk density (g/cm^) 1.61 (0.10) - - - >1.6 <1,4 
Total porosity (%) 393 (3.81) “ <30 >45 
Texture 
Sand (%) 71.8(3.6) - -
Silt (%) 11.4 ( 0 . 8 ) - -
Clay (%) 16.8(2.8)- -
Class Sandy loam - - -
Chemical properties 
pH 4.68 (0.38) <5.5 5.5-7,0 7.0-8.5 - -
Conductivity (laS/cm) 66.8 (38.7) <4000 4000- >8000 - -
8000 
Organic carbon (%) 0.37(0.18) <4 4-10 >10 - -
Organic matter (%) 0.63 (0.31) <7 7-12 >17 - -
Total N (%) 0.04(0.01) <0.2 0.2-0.5 >0.5 - -
Extractable NHU-N (Kig/g) 8.96 (2.16)- - - -
Extractable NO3-N (|ag/g) 2.40(0.12)- -
Total P (lag/g) 112(35.9) <200 200- >1000 - -
1000 
Available PO4-P (昭/g) 18,41 (4.57) <20 20-40 >40 - -
Total K (^ ig/g) 8000 (1230)- -
Extractable K (cmol/kg) 0.26 (0.07) <0.2 - >0.6 - -
Extractable Ca (cmol/kg) 0.74 (0.49) <4 - >10 
Extractable M g (cmol/kg) 0.19 (0.04) <0.5 - >4 
Extractable Na (cmol/kg) 0.25 (0.06) - >1 
C:N ratio 9.65 (4.42) - - - - -
'Rating after Landon (1991). 
-Rating after Fung (1995). 
Values in parentheses represent standard deviation. 
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5.3.2 Survival rate 
Four months after planting, four native species namely Ficus microcarpa (95%), 
Litsea glutinosa (95%), Ormosia emarginata (100%) and Scolopia chinensis (100%), 
had survival rates higher than 90%, which were comparable to the exotic A, 
auriculiformis (95%) and L. confertus (100%)(Figure 5.1). Survival rate was not 
less than 60% for all the remaining species except Schefflera octophylla (25%). 
High survival rate was expected due to plenty of water supply during this period 
(Table 2.3), and a survival rate of nearly 100% was obtained for these species under 
sufficient irrigation in a greenhouse for six months (Chapter 6). The only 
exception was S. octophylla, which is associated with feng shui woodlands (Thrower, 
1975). Feng shui woodland associated species are generally climax or nearly 
climax species, which have a higher nutrient requirement and are less resistant to full 
sunlight (especially for the seedlings). As the study plot was locate d on open slope 
and the soil was poor in quality, it was not surprising that this species had inferior 
survival. 
However, a drop of more than 30% in survival rate was recorded in the next 8 
months for most species, though the species were screened as drought resistant 
(Chapter 4). This was mainly due to the long dry season starting from October 
2001 to March 2002 (Figure 2.2), when the monthly rainfall was less than 20 mm, 
compared with the monthly average of 44 m m during 1991 and 2000 (Hong Kong 
Observatory, 1992-2001). Though most of them could survive in a drought period 
of longer than 30 days, it would still be a little bit too harsh for the seedlings if there 
were repeated drought periods and insufficient water was supplied as rain, especially 
when there was not sufficient time for them to develop an efficient rooting system 
before the drought period started. During this period, the planted seedlings 
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competed for water and nutrients with the established grasses (such as Paspalum 
spp., Pennisetum spp., and Cynodon dactylon) and herbs (such as Desmodium spp. 
and Bidens spp.). 
Only five out of the thirteen species planted had a percentage survival higher 
than 50%, in a descending order of A. auriculiformis (95%), S. chinensis (90%), I, 
glutinosa (65%), F. microcarpa and L. confertus (both 60%) after one year (Figure 
5.1). S. chinensis, L. glutinosa and F. microcarpa are all common native species 
(Xing et al” 2000), and the latter two were recommended species in local 
afforestation and can be found on local landfills (Table 5.4), while A. auriculiformis 
and L. confertus are successful exotic species in local forestry (Corlett, 1999), so 
high survival rate was expected. 
Table 5.4 Percentage survival and general description of 13 species planted on Plot 
T N P on T K O Landfill (n二20)。 
Species Survival rate Family' Recommended Found on Distributions and 
after one year for Local general mformatior/ 
afforestation" landfills^  
Acacia auriculiformis 95 Mimosaceae Yes Yes --
Scolopia chinensis 90 Flacourtiaceae No No C A & LF; common 
Litsea glutinosa 65 Lauraceae Yes Yes S & F; common 
Ficiis microcarpa 60 Moraceae Yes Yes V; common 
Lophostemon confertus 60 Myrtaceae Yes Yes --
Ormosia emarginata 35 Papilionaceae No No S & F; common: 
legume 
Machilus velutina 25 Lauraceae Yes No LF; common 
Cydobalanopsis 20 Fagaceae Yes No F; restricted 
neglecta 
Reevesia thyrsoidea 15 Sterculiaceae No No F; common 
Sterculia lanceolata 15 Sterculiaceae Yes Yes LF; very common 
Cinnamomum 10 Lauraceae Yes Yes FSW; common 
camphora Schima superba 10 Theaceae Yes No FSW; common 
Schefflera octophylla 5 Araliaceae ^ Yes LF; very common 
'Hong Kong Herbarium, 1993. 
"The successful or commonly used species in local forestry (Chong, 1999; Corlett, 1999). 
Xhan^ r al, 1997; Lm, 1999. 
4Corresponding distributions of the species (Xing et al., 2000): LF: lowland forest; S: shrubland; F: 
forest; CA: coastal area; AC: abandoned cultivation; FSW: feng shui woodlands; V： near village. 
Though there were some better native candidates such as S. chinensis, L. 
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glutinosa and F. microcarpa in the field trial, the majority of the screened drought 
resistant species had a low field survival rate, which was different from 
extrapolation from the pot trial. There must be other factors that limit their survival. 
For older trees of the same species (i.e. F, microcarpa, L. glutinosa, S. octophylla, 
Schima superba and Sterculia lanceolata) planted by a contractor, their survival rate 
from June 2001 to M a y 2002 was much higher (Chapter 7). As the soil properties 
and environmental factors were similar for these sites (refer to Chapter 7), the 
difference induced was most probably due to the difference in development time. 
The longer time for development enabled these species to develop their favorable 
mechanism such as extensive rooting system to resist against drought and thus great 
number of them can survive throughout the repeated drought period. In addition, 
the presence of abnormally drier and prolonged drought periods also added 
difficulties for these younger individuals planted in this experiment (Table 2.3). 
Besides, competitors as mentioned before, would compete vigoiously with the 
planted seedlings for water and nutrients. Weeding might help the growth of tree 
seedlin2;s by reducing the competition from other vegetation (Evans, 1992; 
Montagnini, 1997) and enhance adaptation of the species to the site (Haggar, 1998). 
5.3.3 General growth performance 
The initial height and basal diameter of planted species are shown in Figure 5.2. 
Height of all seedlings was limited to 20-40 cm, except Cinnamomum neglecta ( 51.8 
c m ) and A. auriculiformis (40.5 cm). On the other hand, the range of initial basal 
diameter was much wider, from 4.28 m m chinensis) to 13.11 m m {F. 
inicrocarpa). 
Various height growth was recorded for different species (Figure 5.3), and 
annual increment ranged from -30 cm {Cyclobalanopsis neglecta) to 58 cm (A. 
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auriculiformis) and annual percentage increment ranged from -53% (C. neglecta) 
to 148% (A. auriculiformis). A. auriculiformis was the fastest among the 
thirteen species in terms of annual height growth and annual percentage height 
increment, since this species was well known as a fast grower (Corlett, 1999) and 
a successful landfill species (Lui, 1999). Several native species grew relatively 
faster (though not significantly different from others), and had annual percentage 
height increments higher than 25%, namely S. chinense (53%), S. superba (45%), 
Machilus velutina (31%), C. carphora (29%) and O. emarginata (28%), S. 
chinensis, S. superba and C. camphora had grew for more than 10 cm in one year. 
They are all locally recommended species (Table 5.4) except S. chinensis. 
Relatively higher height growth was expected. Nevertheless, the survival rate of 
these fast growing species was rather low (Section 5.3.2) except S. chinensis and 
this would be discussed in later sections. 
On the other hand, some species performed poorly in height growth, e.g. C. 
neglecta (-30.6 cm & -53o/o) and L. confertus (-1.3 cm & -2.9o/o). Severe 
negative growth of C. neglecta was most probably due to its larger initial height 
and denser leaves, which added more water burden for the seedlings after 
transplantation. If the rooting systems cannot expand large enough to obtain 
adequate water, especially during dry season, die-back was undoubtedly an 
inevitable measure for the plant to cut water loss and stay alive. This was 
reflected in greater reduction in average height during the drier second and third 
monitoring periods, i.e. from October 2001 to May 2002. L confertus, a widely 
used exotics, also had negative growth, which may be due to unbalance between 
water expense and supply. Transpiration rate of L. confertus was the top three 
among the thirteen species in winter (Section 5.3.5.3). However, during the ^ — ‘ 
94 
uncommonly long drought period in this project, it may be a disadvantage for this 
species, by which excessive water may be drawn to result in desiccation. The 
problem became worse especially when there was not sufficient time for this 
species to develop its extensive rooting system. From the results of Chapter 4’ L. 
confertus was one of the less drought resistant species under zero water supply 
condition. 
Annual basal diameter increments and annual percentage increments of 
different species are shown in Figure 5.4. The increase in basal diameter with 
the age of the species was more consistent than height, and none of the species 
had a negative annual increment. Seven species grew more than 2 m m in a year, 
ill the descending order of A, auriculiformis (10.6 mm), S. superba (4.48 mm), C. 
camphora (2.99 mm), L. confertus (2.97 mm), L. glutinosa (2.89 mm), ；S". scolopia 
(2.78 m m ) and C neglecta (2.33 mm). Among these species, the annual 
percentage basal diameter increment was again the highest in the exotic A. 
auriculiformis (215%), while it was above 60% for three natives, viz. S. superba 
(73%), S. chinensis (64%) and C. camphora (63%), which was comparable to 
another exotics L. confertus (68%). Some native species, however, grew less 
than 0.5 m m a year, which included O. emarginata (0.36 mm), M. velutina (0.26 
m m ) and Reevesia thyrsoidea (0.00 mm). In general, species grew better in 
height also had higher increment in basal diameter, and vice versa. 
5.3.4 Seasonal growth performance 
Generally, seasonal growth of different species coincided with the annual 
performance. Greater height and basal diameter increments were recorded for 
most species during June 2001 and September 2001, and during February 2002 
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and M a y 2002 (Table 5.5). These two periods represented the growing season 
with warmer and wetter condition. Growth was very restricted in the period 
from October 2001 to January 2002. 
Besides A. auriculiformis, S. chinensis was the only species naving height 
increment of more than 3 cm in each of the three periods. Four natives, F. 
microcarpa, O. emargina, S. chinensis and S. lanceolata, also grew relatively 
faster in height during the period from June 2001 to September 2001 with an 
increment more than 4 cm. S. chinensis grew the fastest (6.5 cm) among the 
natives in this period but was still far slower growing than A. auriculiformis (24.3 
cm). Most species grew only slightly from October 2001 to January 2002 due to 
limited water supply (Chapter 2) that stopped growth or even caused die back of 
m a m shoot of some individuals during the period. S. chinensis again had the 
best growth in height (3.5 cm) among the natives. S. superba, on the other hand, 
had the highest interval height increment (8.5 cm) of the natives during the period 
from February 2002 and May 2002. 
Several natives grew comparably to the exotic A. auriculiformis (2.93 m m ) 
regarding basal diameter from June 2001 to September 2001 (Table 5.5), in a 
descending order of S. lanceolata (2.63 mm), L. glutinosa (1.82 m m ) and S. 
chinensis (1.39 mm). F microcarpa, M. velutina, O. emarginata and S. superba 
grew more than 1 m m in these four months. From October 2001 to May 2002, 
growth in basal diameter was far slower, and only two natives {F. microcarpa and 
S. superba) grew more than 1.5 m m , while S. chinensis and S. lanceolata had 
increment of more 1.0 m m . 
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5.3.5 Ecophysiological responses 
5.3.5.1 Fv/Fm 
The Fv/Fm values of all the tree species studied were generally lower than 
those in the greenhouse trial in both seasons (Table 5.6). Lower photosynthetic 
efficiency indicates photoinhibitory damage in response to high temperature 
(Gamon & Pearcy, 1989), low temperature (Groom & Baker, 1992) or water stress 
(Epron et al” 1992). Leaf temperature was often higher than 40°C in summer, 
which may cause photoinhibition. In winter, water stress would be the main 
cause due to insufficient rainfall (Chapter 2). 
In summer, two natives {F. microcarpa and S. superba) outperformed the 
others, though not significantly. In winter, better candidates included F. 
microcarpa, S. lanceolata and A. auriculiformis. All these species were 
recommended in afforestation (Table 5.4); higher photosynthetic efficiency could 
enhance carbon fixation and hence faster growth. A. auriculiformis and E 
microcarpa were actually better candidates among the thirteen species m terms of 
survival and growth (Sections 5.3.2.4). 
For most species, the Fv/Fm values were not significantly different between 
summer and winter, indicating that seasonality only slightly affected their 
photosynthetic efficiency. Normally, lower values were recorded in winter due 
to water shortage in the soil (Section 5.3.1)(Epron et al., 1992; Nogues & Baker, 
2000). However, two natives, C. camphora and S. lanceolata, had significantly 
higher Fv/Fm values in winter. These two species may adapt better to the site 
when longer time was allowed for their root development, as they are both 
deep-rooted species according to field observations. 
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Table 5.6 Fv/Fm values of 13 different tree species planted on Plot TNP on T K O 
Landfill (n=5). 
Species 7/2001 1/2002 t-test 
Cinnamomum camphora 0.529 a 0.677 ab * 
Cyclohalanopsis neglecta 0.653 ab 0.485 a N S 
Ficus microcarpa 0.726 b 0.734 b N S 
Litsea glutinosa 0.618 ab 0.597 ab N S 
Machilus velutina 0.650 ab 0.661 ab N S 
Ormosia emarginata 0.645 ab 0.637 ab N S 
Reevesia thyrsoidea 0.619 ab 0.509 a N S 
Schefflera octophylla^ 0.573 ab 0.684 -
Schima superba 0.759 b 0.626 ab N S 
Scolopia chinensis 0.680 ab 0.673 ab N S 
Sterculia lanceolata 0,657 ab 0.729 b * 
Acacia auriculiformis 0.704 ab 0.757 b N S 
Lophostemon confertus 0.725 b 0.697 ab ^  
Mean values followed by the same letter within a column are not significantly different at p = 0.05 
level by the Tukey's H S D test. 
For t-test comparison of summer and winter data, NS = not significant; * p<0.05. 
"No statistical comparison was made for Schefflera octophylla as the number of suitable 
individuals was below the minimal number for t-test and Tukey's H S D test at the second 
measurement, 
5.3.5„2 Stomatal conductance 
Stomata impose a critical control over water loss and exchange of gases 
between the atmosphere and leaf cells, and effective control is thus important to 
plant growth and survival There are numerous examples which show that 
inhibition of stomatal conductance is perhaps the first response when root systems 
are exposed to stress conditions such as drought, flooding and soil compaction 
(Tardieu et al., 1993, 1994; Hartung, 1994; Lu & Zhang, 2002). Stomatal 
monitoring hence provides an excellent physiological diagnosis of the occurrence, 
severity and duration of stress. 
Leaf stomatal conductance of the thirteen species is shown in Table 5.7. 
0 1 . 
Stomatal conductance was over 150 mmol rrf s" for all the species in summer, 
ranging from 152 mmol (F. microcarpa) to 527 mmol {A. 
auriculiformis). It seemed that these species had rather plenty of water supply in 
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this period (Tables 2.3 & 5.2), and the values were comparable to those of 
well-watered treatments in other studies (e.g. Lu & Zhang, 1999; Wullschleger et 
al., 2002). A higher conductance value allows a higher exchange rate of gases 
and can thus support a higher rate of carbon fixation. S. octophylla, S. superba 
and S. lanceolata outperformed the other natives in this aspect in the summer 
period. 
Table 5.7 Stomatal conductance (mmol of 13 different tree species planted 
on Plot TNP on T K O Landfill (n=5)。 
Species 7/2001 1/2002 t-test — 
Cinnamomum camphora 172 a 92.0 abed N S 
Cyclobalanopsis neglecta 199 ab 113 -
Ficus microcarpa 151 a 105 abcde N S 
Litsea glutinosa 248 abc 136 de NS 
Machilus velutina 336 abc 66.2 a ** 
Ormosia emarginata 212 abc 73.7 ab NS 
Reevesia thyrsoidea 266 abc - -
Schefflera octophyllcf 527 be - -
Schima superba 553 be 126 cde * 
Scolopia chinensis 225 abc 120 bcde N S 
Sterculia lanceolata 450 abc 80.5 abc NS 
Acacia auriculiformis 527 c 152 e * 
Lophostemon confertus 349 abc 134 de * 
Mean values followed by the same letter within a column are not significantly different at p = 0.05 
level by the Tukey's H S D test. 
For t-test comparison of summer's and winter's data, NS = not significant; * p<0.05; ** p<0.01. 
#No statistical comparison was made for Cyclobalanopsis neglecta, Reevesia thyrsoidea and 
Schefflera octophylla as the number of suitable individuals was below the minimal number for 
t-test and Tukey's H S D test at the second measurement. Absence of value represents no possible 
measurement can be made for that species. 
In winter, decrease in stomatal conductance was recorded for all species but 
with varying magnitude. It was most probably due to intense drought stress as 
mentioned in the previous section. Significant decrease of the value in winter 
appeared in some species, including M. velutina, S. superba, A. auriculiformis and 
L. confertus. Decrease in stomatal conductance often accompanies with decrease 
in photosynthetic rate (Ceulemans et al., 1983), and hence plant growth. 
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Reduced growth of all species in winter was demonstrated in the previous sections. 
Nevertheless, species with higher stomatal conductance was relatively less 
stressed than others, hence exotic A. auriculiformis (153 mmol m'^ s'') 
outperformed other species, followed closely by L. glutinosa, L. confertus, S. 
superba, S. chinensis and F. microcarpa. All these species except S. chinensis 
were recommended for local afforestation (Chong, 1999; Corlett, 1999). 
5.3.5.3 Transpiration rate 
Generally, the pattern of stomatal movement controls the rate of transpiration. 
The higher the stomatal conductance, the higher is the water loss to the 
environment and hence the transpiration rates. Relatively higher transpiration 
was again recorded for S. octophylla, S. superba and S. lanceolata in summer, 
which were comparable to the two exotics. A higher transpiration rate occurred 
in this period because of sufficient water supply. 
Table 5,8 Transpiration rate (mmol m'^ s"') of 13 different tree species planted on 
Plot TNP on T K O Landfill (n=5)。 
Species 7/2001 1/2002 t-test 
Cinnamomum camphora 3.74 ab 1.21 abc NS 
Cyclobalanopsis neglect(/ 4.45 ab 1.37 -
Ficus microcarpa 3.35 a 1.73 be NS 
Litsea glutinosa 6.25 ab 0.88 a * 
Machilus velutina 7.80 abc 0.90 a 料 
Ormosia emarginata^ 5,04 ab 1.32 abc * 
Reevesia thyrsoidea^ 5.99 ab - -
Schefflera octophylla林 9.86 be - -
Schima superba 9.37 abc 1.62 be * 
Scolopia chinensis 4.81 abc 1.50 abc NS 
Stercuha lanceolata 8.96 abc 1.07 ab * 
Acacia auriculiformis 12.11 c 1.77 c * 
Lophostemon confertus 9.44 abc 1.60 be * 
Mean values followed by the same letter within a column are not significantly different at p = 0.05 
level by the Tukey's H S D test. 
For t-test comparison of summer's and winter's data, NS = not significant; * p<0.05; ** p<0.01. 
萍No statistical comparison was made for Cyclobalanopsis neglecta, Reevesia thyrsoidea and 
Schefflera octophylla as the number of suitable individuals was below the minimal number for 
t-test and Tukey's HSD test at the second measurement. Absence of value represents no possible 
measurement can be made for that species. 
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In winter, significant reduction in transpiration was obtained for most species. 
The main reason was perhaps the abnormally low rainfall during winter (Chapter 
2). Species with higher transpiration rates seemed to be less affected by the 
water stress, with a rate of at least 1.50 mmol m'^ s'^ . They included A. 
auriculiformis, F. microcarpa, S. superba, L. confertus and S. chinensis. With 
the exception of S. chinensis, these species were again recommended for local 
afforestation. 
5.3.6 Species selection 
The species studied in the present project were ranked according to three 
categories with equal weighting, i.e. survival rate, growth and ecophysiological 
response (Table 5.9). Growth was ranked according to annual height and basal 
diameter increments, while ecophysiological response was ranked according to 
mean of summer and winter data of Fv/Fm ratio, stomatal conductance and 
transpiration. 
Table 5.9 Ranking of 13 different species according to different categories. 
Ranking of each category 
Ecophysio 
Survival -logical Overall 
Species rate Growth responses Ranking 
Acacia auriculiformis 1 1 1 1 
Scolopia chinensis 2 4 7 2 
Lophostemon confertus 4 6 3 2 
Schima superba H 2 2 4 
Litsea ghitinosa 3 5 8 5 
StercuUa lanceolata 9 6 4 6 
Ficus microcarpa 4 8 9 7 
Machilus velutina 7 10 6 8 
Ormosia emarginata 6 8 9 8 
Cinnamomum camphora n 3 12 10 
Schefflera octophylla 13 11 5 11 
Cyclobalanopsis neglecta § n 11 12 
Reevesia thyrsoidea 9 U U 13 
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From the results, the best candidate was A. auriculiformis which performed 
the best in all categories. Native S. chinensis and exotic L confertus were 
ranked second. The former species showed better growth and survival rates, 
while the latter performed better ecophysiologically. 
However, the overall ranking can only represent the general performance of 
particular species planted on the recently restored landfills. When considering 
which species is more suitable to be planted on a particular site, emphasis should 
be put on a particular category if some arboricultural practices would be applied. 
For example, application of fertilizer and installation of irrigation system would 
help to prevent the seedlings from death, and therefore growth rate and 
ecophysiological responses become more important. On the other hand, if there 
would be no arboricultural practices, the survival rate and growth rate become 
more important in species selection. 
In screening native species for revegetating local landfills, the candidates 
with higher survival rate and medium to high growth rate will be more suitable. 
Potential species included S. chinensis, L glutinosa and E microcarpa, such that 
less management practices were needed to ensure their early establishment. In 
addition, all these three species produce fleshy fruits (Thrower, 1988), which can 
attract dispersers such as birds and bats. Planting these species would provide 
home for wildlife and enhance the colonization of other plant species (Zhuang & 
Yau, 1999). 
Species such as S. superba and S. lanceolata, had higher growth rate and 
better ecophysiological responses. They were less preferred as there was special 
need to improve their survival rates in the first few years. Common 
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arboricultural practices such as adding fertilizers and/or organic amendments 
could speed up their development and fulfill their nutrient requirements 
(Bradshaw, 2000); weeding could minimize competition from those fast growing 
grasses, herbs and small shrubs (Evans, 1992; Montagnini et al., 1997), and 
irrigation could supply sufficient water the drought periods. 
Other species, which performed poorly in all aspects, are not recommended 
for use in the initial stage of rehabilitation if no or little aftercare will be given, 
Rather, they can be used in enrichment planting after the environment is modified 
and soil properties are improved by the plantations. 
5.3.7 Limitations and further studies 
Due to limited resources, the scale of present study was restricted to eleven 
species. When compared with more than three hundred tree species in Hong 
Kong (Zhuang & Corlett, 1996), and about one hundred available species in the 
local markets, there is still a great room for further studies. In addition, one year 
of monitoring provided only initial responses of the planted species to the 
environment, while long-term growth information was absent and the seedlings 
were easily affected by adverse factors. Longer monitoring period would be 
more desirable. 
Uncontrolled variation in the initial sizes of seedlings planted for different 
species may also affect the results. For example, C. neglecta seedlings available 
were much larger than those of other species in the present study. As there were 
only four months for root development before the arrival of the dry season, having 
relatively higher nutrient and water requirements, they would be more vulnerable 
to the same level of environment stress such as drought. 
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5.4 Conclusion 
The previously screened drought resistant native species were planted on a 
“recently restored" local landfill for measuring their in situ survival, growth and 
ecophysiological responses. Scolopia chinensis, with high survival and growth 
rates, was as good as an exotic Lophostemon confertus and was a species with 
high potential for revegetation. It can provide fleshy fruits for birds and other 
wildlife and colonization of other plant species will be enhanced when the 
dispersers are attracted as a result. 
Besides, Litsea glutinosa, Ficus microcarpa, Schima superba and Sterculia 
lanceolata which performed better in at least one of three categories (survival, 
growth or ecophysiological responses) were also suitable species for revegetation. 
The remaining natives {Machilus velutina, Ormosia emarginata, 
Cinnamomum camphora, Schefflera octophylla, Cydobalanopsis neglecta, 
Reevesia thyrsoidea) were considered less suitable to the landfill environment and 
can be used only when arboricultural practices are applied or after the sites are 
modified by other species in ecological development. 
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Chapter 6 Screening Native Species for Revegetating 
"Recently Restored” Landfills III: Effect of Different 
Arboricultural Practices 
6.1 Introduction 
Tree seedlings planted on landfill sites often face an establishment problem, 
i.e. they cannot survive long enough to their sexually mature age after 
transplantation, and high mortality was common in the first few years. 
There have been studies concerning how different aftercare management 
practices can improve the performance during experiment. Important practices 
include adding fertilizers and organic amendments as well as weeding. 
Application of fertilizers provides the supplement to the nutrient requirement of 
the plant (Bradshaw, 1998 & 1999). Application of organic amendments can 
help to improve the soil physical properties and can simultaneously act as an 
organic capital of different nutrients which would be released after decomposition 
(Wong et ciL, 1999; Ye et al., 1999). Weeding, on the other hand, can protect the 
planted trees from competition for water and nutrient by the weeds (Evans 1992; 
Montagnini et al., 1997). 
However, there were only a few studies on the effects of arboricultural 
practices on the Hong Kong native tree species, as well as how to improve their 
growth performance. In this chapter, different management practices were given 
to eleven of the twelve previously screened drought resistant species (Ormosia 
pachycarpa was excluded in the experiment due to lack of seedlings), so as to 
provide information on how a particular species is affected by particular human 
practices. The results obtained here were supplementary to the findings of 
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Chapter 5 & 7, which could be used to enhance the establishment of selected 
native species on those recently restored landfills. 
6.2 Materials and Methods 
6.2.1 General experimental design and seedling preparation 
In this part of the research, the performance of 11 natives species selected 
from Chapter 4 was assessed. Their performance against four soil management 
practices was evaluated (Table 6.1) in a greenhouse of the Biology Department, 
The Chinese University of Hong Kong. Acacia auriculiformis (耳果相思)& 
Lophostemon confertus (糸工月翏木）were also included for comparison, with the 
same reasons as mentioned in Chapter 5。 
Twenty-five seedlings, which were about 30 cm height, were used for each 
species in the experiment. They were prepared as in Section 4.2.1 with an 
acclimation period of one month, and were then divided randomly into five 
groups and each group consisted of five individuals. Each group received a 
different treatment as follows. 
Table 6.1 Experimental design for pot trials (n=5). 
Nutrient added (kg N/ha) Co-planted with 
Treatments Fertilizer Manure Compost Cynodon dactylon 
C (control) - - No 
G - Yes 
C O M - 100 No 
F 100 - No 
GF ^ - Yes  
The first group (G) was used to test the performance of natives when they 
were co-planted with Cynodon dactylon (bermudagrass), a commonly used 
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hydroseeding species. The second group (COM) was used to evaluate the effect 
of pig manure compost (application rate equivalent to 100 kg N/ha) on their 
performance. The amount of applied nitrogen is sufficient for one half-year 
requirement of productive temperate ecosystem (Bradshaw, 1983). The third 
group (F) was used to determine the effects of fertilizer (Nitrophoska, 
N:P:K=15:15:15; application rate equivalent to 100 kg N/ha) application. The 
fourth group (GF) investigated their growth with Cynodon dactylon and fertilizer 
application. Finally, the fifth group was used as control (C) group. 
6.2.2 Survival, growth and chlorophyll fluorescence responses 
All pots were arranged in completely randomized block design. The 
performance of each species was evaluated for their leading shoot height and 
basal diameter once every two months from August 2001 to February 2002. 
Their survival rates were also measured. After 4 and 6 months, all seedlings 
were assessed for their chlorophyll fluorescence (Fv/Fm ratio) by a plant 
efficiency analyzer (Hansatech Instruments, King's Lynn, UK). Three fully 
expanded healthy leaves of each seedling were used for the measurement. 
6.2.3 Soil source and analysis 
Soil for filling the pots was again completely decomposed granite collected 
from the Lam Tei Quarry, Tuen Mun. The soil was prepared following 
procedures of Section 4.2.4 and analyzed by the methods as described in Chapter 
3. 
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6.2.4 Statistical analysis 
Height and basal diameter were expressed as interval growth and overall 
growth. Their differences among different treatments were determined by 
one-way analysis of variance (ANOVA). Tukey's Honestly Significant 
Difference (HSD) test at p = 0.05 was calculated to denote significant differences 
between sites. The differences in ecophysiological responses among different 
species were also determined by A N O V A with Tukey's H S D test. The 
differences in growth among different treatment and species were determined by 
two-way analysis of variance. All data were analyzed by Statistical Package for 
the Social Science (SPSS) for Windows Release 9.0 using a Pentium III PC. 
6.3 Results and Discussion 
6.3.1 Soil physical and chemical properties 
Table 6.2 shows the properties of the soil used in this experiment. The soil 
was classified as a sandy loam which was very susceptible to excess drainage 
(Archer & Smith, 1972). It was a strongly acidic (pH = 4.44) and non-saline soil 
with low level of electrical conductivity (66.6 }iS/cm). It contained an extremely 
low level of organic matter (0.32%) and total nitrogen (0.01%), representing a 
very small nutrient capital. A rather large part of total nitrogen was in mineral 
forms, about 13% for NH4-N and 2.4% for NO3-N, indicating its underdeveloped 
status. Soil available phosphorus was low, averaging 17.84 jug/g. The soil 
contained low levels of extractable bases, 0.20, 0.42’ 0.13 and 0.32 cmol/kg for 
potassium, calcium, magnesium and sodium respectively, probably due to short 
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development time and therefore with few exchange sites. 
Table 6.2 Physical and chemical properties of the pot soil (n=10). 
Source Rating  
N T 2 Low Medium High 
Physical properties 
Texture 
Sand (%) 75.1(4.6) - - ~ 
Silt (%) 11.1 (2.8) - - -
Clay (%) 13.8(2.5) - - -
Class Sandy loam - - -
Chemical properties 
pH 4.44 (0.07) <5.5 5.5-7.0 7.0-8.5 
Conductivity (^iS/cm) 66.6 (35.2) <4000 4000-8000 >8000 
Organic carbon (%) 0.18(0.10) <4 4-10 >10 
Organic matter (%) 0.32 (0.18) <7 7-12 >17 
Total N (%) 0.01 (0.01) <0.2 0.2-0.5 >0.5 
Extractable NH4-N (jag/g) 13.3 (5.73) - - -
Extractable NO3-N (j^ g/g) 2.44(0.51) - - ~ 
Total P (jig/g) 35.7 (7.08) <200 200-1000 >1000 
Available PO4-P (昭/g) 17.8 (4.33) <20 20-40 >40 
Total K (|ag/g) 3460 (1240) - _ -
Extractable K (cmol/kg) 0.20 (0.03) <0.2 - >0.6 
Extractable Ca (cmol/kg) 0.42 (0.06) <4 - >10 
Extractable M g (cmol/kg) 0.13 (0.03) <0.5 - >4 
Extractable N a (cmol/kg) 0.32(0.12) - - 〉1 
C:N ratio 17.4 (8.54) - ： ： 
1 Rating after Landon (1991). 
Values in parenthesis represent standard deviation. 
In summary, the soil was very poor in quality and was typical of C D G It 
both physically and chemically resembled soils of three landfill sites (refer to 
Table 3.3), yet slightly inferior to them. Therefore, the performance of the 
planted species on the C D G could represent their performance on the "recently 
restored" landfills, where the contamination of landfill gas and leachate was 
negligible (Chapter 3). 
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6.3.2 Survival rate 
The survival rates of all tree species were 100% for each treatment after four 
months. At the end of the sixth month, all species showed a 100% survival rate 
with the exception of Sterculia lanceolata (80% for Treatments C & G)(Table 6.3). 
It seemed that the survival rate of the seedlings were not affected by the selected 
treatments when given plenty of water, no matter that they were growing in 
nutrient deficient soil (Treatments C & G), fertilizer or manure compost amended 
soil (Treatments F, G F & COM), or having competition from co-planted 
bermudagrass (Cynodon dactylon){TrQaXmQnts G & GF). In the other words, if 
these native seedlings could be given sufficient irrigation, a near 100% survival 
rate could be guaranteed, at least in a short term. 
These results were further compared with those collected in two other field 
trials m Chapters 5 and 7 (Table 6.4). In Chapter 5, it was found that most 
selected native species had a mortality higher than 30% after they were planted on 
a "recently restored" landfill for eight months. The difference in the survival 
rate was unlikely to be attributed to the soil quality as the soils of these two 
studies were both typical of CDG; the soil quality of the landfill trial plot TNP 
was even superior in some aspects such as organic matter and total nitrogen. 
Prolonged drought period and competition from the surrounding grasses and 
weeds would probably be the main causes. 
Two-year old saplings planted on the same landfill were also monitored, the 
survival rate of which was over 90% for most species during the same period 
(Table 6.4). These saplings were subjected to the same drought period and even 
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Table 6.3 Percentage survival of 13 different tree species with different treatments 
after 6 months (n=5). 
Treatment 
Species Family^ C G C O M F CT 
Cinnamomum camphora Lauraceae 100 100 100 100 100 
Cyclobalanopsis neglecta Fagaceae 100 100 100 100 100 
Ficus microcarpa Moraceae 100 100 100 100 100 
Litsea glutinosa Lauraceae 100 100 100 100 100 
Machilus velutina Lauraceae 100 100 100 100 100 
Ormosia emarginata Papilionaceae 100 100 100 100 100 
Reevesia thyrsoidea Sterculiaceae 100 100 100 100 100 
Schefflera octophylla Araliaceae 100 100 100 100 100 
Schima superba Theaceae 100 100 100 100 100 
Scolopia chinensis Flacourtiaceae 100 100 100 100 100 
StercuUa lanceolata Sterculiaceae 80 80 100 100 100 
Acacia auriculiformis Mimosaceae 100 100 100 100 100 
Lophostemon confertus Myrtaceae 100 100 100 100 100 
'Hong Kong Herbarium, 1993. 
Table 6.4 Percentage survival of 13 selected tree species under different 
environmental condition (n=5). 
Present chapter Chapter 5 Chapter 7 
(Treatment G) 
Age (year) ^ ^ ^ ^ 2 2 
Species After 4 A f t e r 6 A f t e r 4 A f t e r 8 A f t e r 4 A f t e r 8  
months months months months months months 
Cinnamomum camphora 100 100 60 45 - -
Cyclobalanopsis neglecta 100 100 70 30 - -
Ficus microcarpa 100 100 95 75 100 100 
Litsea glutinosa 100 100 80 65 100 97 
Machilus velutina 100 100 95 55 - -
Ormosia emarginata 100 100 100 70 - -
Reevesia thyrsoidea 100 100 60 20 - -
Schefflera octophylla 100 100 25 5 93 90 
Schima superba 100 100 75 20 100 97 
Scolopia chinensis 100 100 100 100 - -
StercuUa lanceolata 100 80 60 45 97 53 
Acacia auriculiformis 100 100 95 95 100 100 
Lophostemon confertus 100 100 100 65 97 93 
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more vigorous competition from surrounding plants (which have developed for 
more than two years), but with a much lower mortality. The reason for the 
higher survival rate in the period was mainly due to a longer time for root 
development to extract more water and reserve more energy during long drought 
period, which suggests that the first one to two years would be very critical for 
seedling establishment. However, it is not practical to irrigate the planted 
seedlings during first several drought seasons until they are strong enough, 
because it would involve high cost in setting up an automatic irrigation system or 
hiring a contractor to irrigate the seedlings. Rather, enhancemer?! of seedling 
development in the first growing season would be more feasible and it is further 
discussed in the following paragraphs. 
6.3.3 General growth performance 
6.3.3.1 Height growth 
Figure 6.1 shows the height growth of the selected species in three sequential 
two-month periods and whole six-month period. In general, the height 
increment was the highest in the first two months, and it decreased in the second 
and third intervals. The first interval started from August 2001 to October 2001, 
which was the growing season of local plants and the highest per interval growth 
of these seedlings was expected. At the second and third intervals, the 
temperature (Table 2.3) and total daytime decrease, which in turn reduced the 
availability of energy for plant growth, and hence decreased the magnitude of the 
increment. 
The height increment of the whole period varied for different species and 
different treatments, from -1.1 cm of Ormosia emarginata (Treatment G) to 
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Figure 6.1 Height increment of 13 different species under different treatments. Bars with different 
letters for the same period indicate a significant difference at p = 0.05 level using Tukey's HSD test. 
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Figure 6.1 Height increment of 13 different species under different treatments. Bars with different 
letters for the same period indicate a significant difference atp = 0.05 level using Tukey's HSD test. 
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41.5 cm of Acacia auriculiformis (Treatment GF). Among the native species, 
seven out of nine species had a potential to grow at least 10 cm in half a year, they 
were Ficus microcarpa (24.8 cm; Treatment F), Scolopia chinensis (20.0 cm; 
Treatment F), Sterculia lanceolata (19.5 cm; Treatment F), Machilus velutina 
(16.6 cm; Treatment F), Cyclobalanopsis neglecta (16.4 cm; Treatment F), Litsea 
glutinosa (14.3 cm; Treatment GF) and Cinnamomum camphora (12.7 cm; 
Treatment GF). 
Analysis of variance of the data showed that there were significant effects 
due to treatment and species (P < 0.001 )(Table 6.5). In general, the height 
increment of those tested species followed the order of Treatment t > Treatment 
GF > Treatment C O M 〜Treatment G 〜Treatment C (Figure 6.1). For most of 
the natives, the height increment of seedlings receiving Treatment F was at least 
two fold of those receiving treatments G and C. This suggests that fertilizer 
amendment of a nutrient depleted soil such as C D G could increase the growth of 
native species significantly. As discussed before, enhancement of seedling 
growth in the first growing season is a feasible means for the successful 
establishment of tree seedlings on a closed landfill; application of fertilizer seems 
to fit this purpose well. 
Table 6.5 A N O V A table for seedling height growth increment of 13 different 
species under different treatments. 
Source df F ratio P 
Treatment 4 37.025 <0.001 
Species 12 26.907 <0,001 
Treatment * Species 48 1.665 <0.001 
Error ^ ^  
However, in the real situation, the positive effect of fertilizer may be smaller 
due to presence of competition from surrounding grasses, weeds and climbers, 
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which are common barriers of natural forest development (Parrotta et a l , 1997). 
Treatment G F provided a more realistic scenario, in which the seedlings receiving 
this treatment competed with the co-planted bermudagrass and a slower growth 
resulted. In most cases, seedlings of the same species grew slower in Treatment 
G F than in Treatment F, with the exception of C. camphora, L. glutinosa and A. 
auriculiformis. Even for these exceptions, the growth was not significantly 
different between the two treatments. 
In addition, when compared with data from the second and third intervals, 
the seedling growth in Treatment GF had generally decreased to the level of 
Treatments C, G and C O M , while that in Treatment F was at a relatively higher 
level for some species such as C. neglecta, F. microcarpa, M. velutina, 0’ 
emarginata, Schima superba and S. lanceolata. This suggests that the effect of 
fertilizer application diminished rapidly in the presence of bermudagrass, of 
which also benefited from the additional nutrients and competition for the space, 
water and other resources, with the native seedlings. 
Manure compost is another common type of soil amendment for promoting 
vegetation growth, which could serve both in increasing the soil nutrient 
conditions as well as improving soil physical properties (Wong et al., 1999). 
However, it was not as effective as fertilizer in increasing seedling height growth, 
in terms of the same rate of nitrogen application. Manure compost application 
did not induce any significant increase in tree seedling growth when compared 
with those receiving Treatment C (control). Although the manure compost 
applied in Treatment C O M contained as much nitrogen as the fertilizer applied in 
Treatments F and GF, the nutrient release rate was much slower. It was mainly 
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due to slower release of mineral nitrogen from organic nitrogen in the organic 
matter of manure compost than in fertilizer. 
The difference in height growth of seedlings receiving Treatments G and C 
was also not significant (Figure 6.1). It is common when hydroseeding, that 
some fertilizer, mulch and soil binding agent would be applied simultaneously 
with grass seeds (Geotechnical Engineering Office, 2000). However, no such 
amendment was given in treatment G so that grass development was poor, and the 
competition from grass was therefore less significant for the native seedlings. 
6.3.3.2 Basal diameter growth 
The basal diameter increments of selected species are shown in Figure 6.2. 
The growth pattern of basal diameter was not as clear as that of height, rather, the 
values of interval increment were very close for the three two-months periods. 
Nevertheless, the basal diameter increment was generally the highest in the first 
two-month interval and it decreased in the second and third intervals, which was 
partiaily due to less favorable growth condition (lower temperature and shorter 
day time) in the latter two intervals. 
In the same way as height increment, basal diameter increments of the whole 
period also varied for different species and different treatments, from —0.02 m m of 
F，microcarpa (Treatment GF) to 4.72 m m of Lophostemon confertus (Treatment 
GF). Six native species could grow more than 2 m m in six months, including S. 
lanceolata (4.57 m m , Treatment F), Schefflera octophylla (4.05 m m ; Treatment F), 
L. glutinosa (3.82 m m ; Treatment GF), S. chinensis (2.97 m m ; Treatment GF), M. 
velutina (2.62 m m ; Treatment F) and C. neglecta (2.25 m m ; Treatment F). 
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There were significant effects due to treatment and species (P < 0.001) when 
calculating the analysis of variance of the basal diameter increment (Table 6.6). 
Same as height increment, the basal diameter increment of those tested species 
also followed the order of Treatment F > Treatment GF > Treatment C O M 〜 
Treatment G 〜Treatment C. The seedlings of Treatments GF and F grew faster 
m basal diameter than those of other treatments indicating that fertilizer 
application was also effective in increasing the basal diameter. However, this 
effect seems to be less significant than that exerted on height growth, in which 
only five out of thirteen tested species showed significant difference among 
treatments. Nevertheless, larger increases in basal diameter for Treatments GF 
and F suggested that these seedlings had more vascular tissues for nutrient, water 
and food translocation and more supporting tissues, hence enabling quicker height 
growth as well. 
Table 6.6 A N O V A table for seedling basal diameter growth increment of 13 
different species under different treatments. 
Source F ratio P  
Treatment 4 24.303 <0.001 
Species 12 16.281 <0.001 
Treatment * Species 48 2.306 <0.001 
Error ^ ^  
As mentioned before, Treatment GF provided a more realistic scenario of 
fertilizer application, in which the seedlings had to compete with the co-planted 
bermudagrass. From the results, the generally lower basal diameter increments 
in Treatment GF than those in Treatment F suggests competition from 
bermudagrass poses a negative effect on this parameter. Effect of manure compost 
or Bermuda grass alone on basal diameter increment was also similar to that of 
height increment. 
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6.3.4 Chlorophyll fluorescence 
Table 6.7 shows the results of chlorophyll fluorescence measurement. After 
four months, the values of Fv/Fm were generally higher in treatments G F and F 
than three other treatments. Analysis of variance of Fv/Fm values (Table 6.8) 
showed that there were significant effects due to treatment and species (P < 0.001). 
Although the difference was not always significant among treatments m different 
species, higher Fv/Fm values in treatments G F and F represented higher 
photosynthetic efficiency and created larger carbon fixation capacity for faster 
growth. The growth was much better, both in terms of height and basal diameter, 
for seedlings receiving these two treatments (Section 6.3.3). The extra nutrient 
supply to the seedlings provided raw materials for chlorophyll synthesis and repair, 
so that a higher level of photosynthetic efficiency was allowed. 
Table 6.7 Fv/Fm values of 13 different tree species receiving different treatments 
(n 二 5). 
Species  
•a Q g 
g o 5 
5 O ^ S； s： ^ 
議• , S & I § ^ .2 I .2 I I t J .2-g .2 I I I I 
鬆 5 o 妄 . ^ § S -S § g) I o ^ t I § g § -g I 妄 
Treatment ^ § ^ ^ ^ ^ ：^ ^ ^ O § c^  ^ c：^ 袭 』 《 § 3 2 
After 4 months 
C 0.792 0.783 ab 0.776 0.798 0.650 ab 0.778 ab 0.787 0.809 0.781 0.772 0.737 0.721a 0.804 
G 0.786 0.763 a 0.721 0.807 0.702 ab 0.782 a 0.756 0.787 0.745 0.782 0,743 0.732 a 0.788 
C O M 0,808 0.783 ab 0.772 0.800 0.689 ab 0.753 ab 0.772 0.781 0,803 0.815 0.745 0.804 b 0.800 
F 0.818 0.815 b 0.797 0.799 0.751 ab 0.812 b 0.815 0.802 0.817 0.810 0.772 0.822 b 0.808 
G F 0.795 0.794 ab 0.789 0.825 0,758 b 0.793 ab 0.795 0.798 0.813 0.807 0.728 0.823 b 0.792 
After 6 months 
C 0,822 0.820 ab 0.809 0.808 0.795 0.809 0.811 0.817 0.833 0.803 0.833 0.827 0.823 
G 0.841 0.821 ab 0.802 0.822 0.790 0.813 0.818 0.817 0.827 0.817 0.833 0.822 0.831 
C O M 0.832 0.825 a 0.775 0.832 0.778 0.810 0.701 0.801 0.827 0.823 0.834 0.841 0.827 
F 0.833 0.823 ab 0.830 0.822 0.790 0.824 0.820 0.822 0.820 0.823 0.803 0.836 0.827 
G F 0.835 0.812 a b 0.806 0.811 0.798 0.818 0.816 0.818 0.833 0.818 0.831 0.832 0.8 卜） 
Mean values followed by different letters within a column indicate a significant uifference at p = 
0.05 level by the Tukey's H S D test. 
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Table 6.8 A N O V A table for Fv/Fm values of 13 different species receiving 
different treatments. 
Source df F ratio P  
After 4 months 
Treatment 4 9.364 <.001 
Species 12 8.377 <001 
Treatment * Species 48 0.987 0.503 
Error 260 
After 6 months 
Treatment 4 0.218 0.023 
Species 12 0.000 0.157 
Treatment * Species 48 0.180 0.188 
Error 260 
On the other hand, according to analysis of variance of the Fv/Fm values 
(Table 6.8), the difference among treatments became less significant at the second 
measurement. This suggests the effects of different treatments on Fv/Fm 
decreased also with time which were consistent with the findings of the seedling 
height and basal diameter growth. 
6.3.5 Implications 
The results of growth and chlorophyll fluorescence responses suggest 
application of fertilizer could enhance the performance of native seedlings. 
However, in the presence of other competitor(s), bermudagrass in the present case, 
the positive effect of fertilizer would decrease. A local study conducted in Tung 
Chung, Lantau Island, also stated that the survival and growth of native seedlings 
was probably affected by surrounding weeds, grasses and climbers (Chan, 2001). 
These all suggest that in order to enhance the seedling growth, weeding is a 
necessity to keep the seedlings away from the competitor(s) as in Treatment F. 
Moreover, the positive effect of fertilizer is not long lasting, at the final 
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two-months interval, height growth of more than half the selected species was not 
significant among the treatments, which suggests that the additional nutrients in 
Treatments G F and F might be used up. It is concluded that repeated dosages of 
fertilizer should be given to the seedling to ensure faster growth. 
On the other hand, compost application was not as effective as fertilizer in 
improving the performance of native seedling, though the effect of manure 
compost would be more long lasting due to its slow nutrient releasing properties 
and it could simultaneously improve the soil physical properties. This suggests 
that larger amounts of manure compost should be applied to obtain the equivalent 
effect of fertilizer, in terms of tonne per hectare (Wong et al, 1999)。 
6.4 Conclusion 
Data on growth and chlorophyll fluorescence suggests that fertilizer 
application could increase plant performance using these two parameters, while a 
negative effect from co-planted bermudagrass was apparent once they compete for 
nutrients from fertilizer for establishment. Moreover, the beneficial effect of 
fertilizer on native seedlings diminished gradually and was not long lasting, which 
indicate a need for repeated application. 
On the other hand, manure compost exerted a negligible effect on seedling 
growth at the present application rate, which suggests that a much larger dose 
should be applied to get an effect equivalent to that of fertilizer. 
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Chapter 7 Performance of Two-year Old Native Saplings 
Planted on A “Recently Restored，，Landfill 
7.1 Introduction 
Tree planting is a common practice for revegetating local closed landfills, 
with the purposes of reducing soil erosion, providing pleasant appearance and 
even restoring ecological functions and structures. However, information on the 
utilization of native species was limited, while the need to widen the choices is 
urgent due to increasing environmental concerns. Studying the species planted 
on these sites is thus a convenient and direct measure to evaluate the suitability of 
the species for plantation. Data generated from such research can provide 
detailed information such as their growth and survival on these sites. 
In the present study, nine native species planted on a "recently restored" 
landfill and with an age of two years were selected. Survival and growth 
performance were studied which aimed to provide information on how a 
particular species interacts with the landfill environment, with the effects of 
sunlight, rainfall, soil and other species. Moreover, since these native species 
were planted for two years, comparison between this and the younger plantation 
(Chapter 5) would be made, with the aim to determine how trees of different ages 
responded to almost the same environment (planted on the same landfill), and also 
suggest some suitable arboricultural practices to enhance their performance. 
The nine planted species are commonly distributed in Hong Kong, but their 
ecophysiological responses have not been studied in most cases. In the present 
project, such responses were also investigated, so as to generalize some of the 
reasons for their abundance. 
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7.2 Materials and Methods 
7.2.1 Study plots, species selection and tree sampling 
In total 23 species, with more than 16,500 seedlings were planted on TT99 of 
TKO Landfill in 1999 (Table 2.3); 19 of these species were trees and 4 were 
shrubs. Among the tree species, 9 were native species and 10 were exotics, 
whereas two shrubs were natives and the other two were exotics. Seedlings were 
planted in about 30 separate areas and the number planted for each species are 
summarized in Table 2.3. They were planted at an equal spacing of 1 m x 1 m or 
1.5 m X 1.5 m and arranged psuedorandomly by site workers. All native species 
planted were selected for evaluating their performances, except Sapium discolor 
(due to its high mortality) and Ixora chinensis (due to its multiple-stem living 
form that was not suitable for comparison). Since there was not any individual 
area of TT99 that contained all the selected species, two areas designated as TA 
and TB were selected as the trial plots, with the distribution shown in Table 7.1 
Table 7.1 Species planted by a contractor that were selected for monitoring on the 
T K O Landfill 
Species Family' Origin' Location Recommended Distributions and 
for general mformaiion' 
afforestation"  
Celtis sinensis Ulmaceae Native Plot TA Yes F & V; common 
Cra toxyi u m coch inch inense Clusiaceae Native Plot TA No LF & LS; very common 
Ficus microcarpa Moraceae Native Plot TA Yes V; common 
Gordonia axillaris Theaceae Native Plot TA Yes S & F; very common 
Liquidamber formosana Hamamelidaceae Native Plot TA Yes F; common 
Litsea glutinosa Lauraceae Native Plot TB Yes S & F; common 
Schefflera octophylla Araliaceae Native Plot TB No LF; very common 
Schima superba Theaceae Native Plot TB Yes FSW; common 
Stercuha lanceolata Sterculiaceae Native Plot TB Yes LF; very common 
Acacia auriculiformis Mimosaceae Exotic Plot TA Yes -
Lophostemon confertus Mytraceae Exotic Plot TB Yes -
'Hong Kong Herbarium, 1993. 
-The successful or commonly used species in local forestry (Chong, 1999; Corlett, 1999). 
^Corresponding distributions of the species (Xing et al., 2000): F: forest; LF: lowland forest; S: 
shrubland; LS: lowland shrubland; CA: coastal area; AC: abandoned cultivation; FSW: feng shui 
woodlands;V: near village. 
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In total nine native species were included in the performance evaluation of 
which eight were trees and the remaining one Gordonia axillaries was a shrub. 
Two exotic species were selected as reference trees for the same reasons as 
mentioned in Section 5.2.1. Each species was identified in the field and 30 
saplings with height from 0.5 m to 2.0 m were tagged with plastic labels in late 
May 2001 for survival and growth measurements. 
7.2.2 Site environmental factors 
Soil landfill gas and moisture contents of Plots TA & TB were recorded in 
July 2001 and January 2002 according to Section 3.2.1. Soil samples were 
collected and analyzed according to Section 3.2.2 except the number of samples 
was 5 instead of 20, 
7.2.3 Survival and growth responses 
The survival rate, height and basal diameter growth were measured at four 
mouth intervals from M a y 2001 to June 2002 according to Section 5.2.3 except 
the number of individuals was 30 instead of 20. 
7.2.4 Ecophysiological responses 
For each species, five seedlings were chosen randomly in order to measure 
their ecophysiological responses in July 2001 and January 2002, following the 
methods described in Section 5.2.4. 
7.2.5 Statistical analysis 
Growth in height and basal diameter, and ecophysiological responses were 
analyzed statistically according to Section 5.2.5. 
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7.3 Results and Discussion 
7.3.1 Environmental factors of trial plots TA & TB 
Landfill gas and soil moisture contents were not significantly different 
(p>0.05) between the two trial plots TA and TB (Table 7.2). Low levels of 
carbon dioxide (TA: summer: 1.76%, winter: 0.25%; TB: summer: 1.09%, winter: 
0.26%) and nearly zero methane concentration were recorded, which indicated 
that plant growth was not likely to be affected by landfill gas on both plots. Soil 
moisture content was greatly decreased in the winter which indicated a shortage of 
water in this period。 
Table 7.2 Landfill gas and moisture contents on the cover soil of Plots TA and TB 
on T K O Landfill (n=5). 
7-8/2001 1-2/2002 ~ 
TA TB t-test TA TB t - t ^ 
Carbon dioxide (%) 1.76(1.18)1.09(0.94) N S 0 . 2 5 (0.20) 0.26 (0.22) NS 
Methane (%) 0.03 (0.07) 0.04 (0.08) N S 0.00(0.00) 0.00 (0.00) NS 
Oxygen (%) 18.7(0.79) 18.8(1.41) N S 20.7 (0.17) 20.7 (0.47) NS 
Soil moisture (%) 23.6 (0.72) 23.0 (2.71) N S 12.3 (3.03) 11.2 (1.28) NS 
For t-test of site comparison, N S 二 not significant. 
Values in parenthesis represent standard deviation. 
Soil properties of the two plots are summarized in Table 7.3. The soil had a 
high bulk density (TA: 1.59 g/cm^; TB: 1.47 g/cm^) and a low total porosity (TA: 
39.9%; TB: 44.4%) which all fell outside the preferred values for plant growth. 
Soil of TA was classified as sandy clay loam with higher silt and clay but lower 
sand contents than TB which was classified as a sandy loam. TA soil would be 
more susceptible than TB soil to excess drainage. 
The soil was less acidic for TA (pH = 5.90) but strongly acidic for TB (4.73). 
Both the soils were non-saline with very low contents of organic matter (TA: 
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0.65%; TB: 0.60%) and total nitrogen (TA: 0.05%; TB: 0.02%). These indicate 
that the soils had very small nutrient capitals. The mineral nitrogen contents 
were lower than the critical level of 50 )ig/g for plant growth (Button & Bradshaw, 
1982). Soil acidity suppressed nitrification (Foth & Ellis, 1997) so that the 
majority of mineral nitrogen was ammonium (TA: 7.11 |Lig/g; TB: 8.33 jig/g), but 
not nitrate (TA: 2.79 )ag/g; TB: 2.40 jug/g). Nevertheless, less acidic TA soil has 
a higher proportion of nitrate. A medium level of available phosphorus (Landon, 
1991) was recorded on both plots, indicating that phosphorus was not likely to be 
limiting. Low levels of extractable bases were measured on both sites, although 
TA was significantly greater in terms of potassium, calcium and magnesium. 
Nevertheless, the soils from both plots were poor in quality, and resembled TG98 
and TT99。 
7.3.2 Survival rate 
The saplings were about two years old when the survival and growth 
monitoring started in June 2001. Most of the selected species had survival rates 
of at least 90% four months after monitoring commenced (Figure 7.1). One 
hundred percent survival was recorded for several species, including Cratoxylum 
cochinchinense, Ficus microcarpa, Liquidamher formosana, Litsea glutinosa and 
Schima superba. Sufficient water supply and two years of development time 
accounts for the high survival rate. Since most of the species were 
recommended for local forestry (Chong; 1999; Corlett, 1999), high survival rates 
of these species were expected on landfills without the constraint of landfill 
factors. 
After eight months, owing to the presence of abnormal dry periods with 
extremely low rainfall (Table2.3 and Section 5.2.3), two native species, namely 
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C. cochinchinense and StercuUa lanceolata had a reduction in survival rate of 
more than 10% (13% and 40% respectively). In the last four months, two other 
natives {Celtis sinensis and Gordonia axillaries) had a mortality of more than 10%。 
Nevertheless, at the end of one year's monitoring, most of the trees still survived 
with only two species having survival rates lower than 80%, i.e. C sinensis and S. 
lanceolata. Five natives, which included F. microcarpa, L. formosana, L. 
glutinosa, Schefflera octophylla and S. superba, on the other hand, had survival 
rates over 90%, which was comparable to the two exotics A. auriculiformis 
(100%) and L. confertus (93%). The high survival rates of these species 
indicated that the first two years were critical for tree sapling establishment. 
Once these species passed the first two years after being transplanted, they had 
become adapted to the environment and most of them could survive even there 
was a long period of drought and the soil quality was poor both physically and 
chemically. The most obvious examples were S. octophylla and S. superba, 
which had yearly survival rate below 25% in Chapter 5, but the survival rate was 
90% for two-year old saplings. 
7.3.3 General growth performance 
Figure 7.2 shows the initial height and basal diameter of the two-year old 
saplings. Height of these species ranged from 43.9 cm (S. octophylla) to 162.4 
cm {A. auriculiformis) and most of them were less than 80 cm. The initial basal 
diameter of most species was below 15 m m , with the exception of A. 
auriculiformis (34.4 mm), L. confertus (23.4 mm) and C. cochinchinense (27.2 
mm). 
A range of growth values in height was recorded for different species 
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(Figure 7.3), with annual percentage increment ranged from -15% (C. sinensis) to 
1240/0 {A. auriculiformis) and annual increment ranged from -13.7 cm (C sinensis) 
to 186.6 cm {A. auriculiformis). Again, the exotic A. auriculiformis grew the 
fastest in terms of annual height increment and percentage height increment, 
followed by L. confertus (63%, 44.2 cm). Among the natives, L. formosana 
grew most rapidly (39%, 25.8 cm), followed by F. microcarpa (23%, 13.9 cm) 
and C. cochinchinense (15%, 7.8 cm)。 These three native were less threatened 
by the unusual long drought period in the winter。 
Other natives, however, grew only slightly (G. axillaris and S. octophylla) 
and negative growth in height was recorded for C. sinensis, L. glutinosa, S. 
superba and S. lanceolata. Dieback of the main shoot occurred, which was most 
probably due to the occurrence of a long dry period with abnormally low rainfall. 
Under prolonged drought stress, especially when unusual events occur as in this 
study period, plants often adopt the strategy of "avoidance" to survive. A 
common response of "avoidance" was to minimize water loss by shedding older 
leaves, replacing large leaves with smaller leaves, stomatal control and leaf 
movements (Freitas, 1997). Dieback can be considered as a more severe 
condition when most of the upper parts wilt and irreversible damage results. 
This assists a plant to save more water and thus delay the death of the whole plant 
when under stress. When the stress is removed, new buds will develop from the 
surviving parts and form new shoots. The ability of the tree to prevent excessive 
water loss and remain partially alive helps to explain the good survival 
performance recorded at the T K O Landfill. However, there should be large 
reserves of energy and nutrients for the regeneration of new buds and shoots. 
The time was insufficient for the recently planted seedlings (Chapter 5) to build 
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up the reserves and hence resulted in high mortality for S. octophylla, S. superba 
and S. lanceolata (Table 5.4). 
Annual percentage increment and annual increment of basal diameter are 
shown in Figure 7.4. The increase in basal diameter with the age of species were 
more consistent than height and all species had a positive annual increment. All 
species had annual growth of at least 10% and most of them grew more than 2 
m m in terms of basal diameter. Among all species, A. auriculiformis again grew 
most rapidly (136%, 41.4 mm), followed by L. confertus (105%, 10.0 mm). 
Native species grew more slowly, and the most outstanding native species was L. 
formosana (75%, 6.43 mm), with growth comparable to L. confertus. Other 
better candidates with an annual basal diameter increment over 3 m m included S. 
octaphylla (52%, 5.39 mm), F. microcarpa (36%, 3.41 mm), C. cochinchinense 
(37%, 3.24 m m ) and S. superba (37Vo, 3.02 mm). Species which grew more 
rapidly in terms of height also had faster growth in basal diameter, such as L. 
formosana, E microcarpa and C cochinchinense. 
7.3.4 Seasonal growth performance 
Seasonal growth performance of different species followed a similar pattern 
to those seedlings planted on plot TNP as described in Section 5.3.4. In general, 
highest height and basal diameter increments occurred in the periods from June 
2001 to September 2001, and from February 2002 to May 2002 (Table 7.4). 
Relatively higher growth was obtained in these two periods due to more favorable 
temperature and higher water availability. On the other hand, restricted or even 
negative growth was recorded during October 2001 and January 2002. 
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Nevertheless, native species generally grew very slowly when compared with 
the two exotics. N o native species grew at a rate statistically comparable to A. 
auriculiformis except L. formosana during February 2002 and M a y 2002 (Table 
7.4). Some of the fast growing native candidates such as L. formosana and F. 
microcarpa showed comparable growth to L. confertus in at least one of the 
seasons. 
7.3.5 Ecophysiological responses 
7.3.5.1 Fv/Fm 
Fv/Fm values of all the tree species are shown in Table 7.5. All species had 
the values lower than 0.830, the optimal values measured for most plants (Johnson 
et al.’ 1993; Maxwell & Johnson, 2000). This indicates some types of stress 
presented that suppressed their photosynthetic efficiencies. High leaf 
temperature (> 40°C) (Gamon & Pearcy, 1989) would be the major cause of low 
Fv/Fm in summer, while low Fv/Fm would be most likely due to water stress in 
winter (Epron et al” 1992)。 
A. auriculiformis had the highest Fv/Fm values in both summer and winter, 
which were close to 0.830. It had the highest photosynthetic efficiency during 
the year and was less affected by environmental factors. The value was over 
0.700 for five natives, including S. superba (0.774), L. formosana (0.758), G. 
axillaris (0.731), S. octophylla (0.721) and F. microcarpa (0.716), and another 
exotic L. confertus (0.744). The Fv/Fm values were also higher for those five 
natives and two exotics in winter. Higher photosynthetic efficiency provided 
them with better growth support, thus these species performed better than others 
in terms of height or basal diameter, or both (Sections 5.3.3 & 5.3.4). 
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Table 7.5 Fv/Fm values of 11 different tree species and shrub species planted by a 
contractor on Plots TA and TB on T K O Landfill (n=5). 
Species 7/2001 1/2002 t-test 
Celtis sinensis^ 0.679 abc - — 
Cratoxylum cochinchinense 0.622 a 0.557 a NS 
Ficus microcarpa 0.716 bed 0.718 bed NS 
Gordonia axillaris 0.731 bcde 0.776 cd * 
Liquidamher formosana 0.758 cde 0.734 bed NS 
Litsea glutinosa 0.644 ab 0.634 ab NS 
Schefflera octophylla 0.721 bcde 0.781 d ** 
Schima superba 0.773 de 0.757 cd NS 
Sterculia lanceolata 0.685 abed 0.659 abc NS 
Acacia auriculiformis 0.809 e 0.813 cd NS 
Lophostemon confertus 0.744 cde 0.775 d ^  
Mean values followed by the same letter within a column are not significantly different at p = 0.05 
level by the Tukey's HSD test. 
For t-test comparison of summer's and winter's data, NS = not significant; * p<0.05; ** p<0.01 
"There was no possible measurement for Celtis sinensis in January 2002, hence no statistical 
comparison was made. 
In winter, the values increased in half of the species, and decreased in the 
others. There was no significant decrease in Fv/Fm for all species in winter. 
Rather, a significant increase was found for three species, viz G. axillaris, S. 
octophylla and L. confertus. It seems that the photosynthetic efficiency was 
more suppressed for these species in summer. Schefflera octophylla and 
Gordonia axillaris are not commonly regarded as pioneer species but are widely 
distributed in local forests, or shrub lands for the latter species (Xing et al., 2000). 
Often, species of this type are considered as shade-tolerant, and the optimal light 
level for photosynthesis is lower than full sunlight. Direct exposure to strong 
sunlight m summer, which results in overheating of the leaf surface, would affect 
their photosynthetic efficiency more strongly than by the water stress in winter. 
7.3.5.2 Stomatal conductance 
Table 7.6 shows the leaf stomatal conductance of the species studied, with 
2 1 ] 
values ranging from 136 mmol m' s' for Sterculia lanceolata to 688 mmol m"'s" 
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for Lophostemon confertus in summer. Most species had values higher than 200 
mmol . Sufficient water supply in the period allowed larger opening of the 
stomata, which facilitated gas exchange for photosynthesis. Faster growth was 
therefore found for most species. All species had decreased stomatal 
conductance in winter, which suggested the presence of drought stress. In 
general, species with higher stomatal conductance outperformed the others. 
When ranking the species according to the mean of the seasonal values, the higher 
ranked species grew faster in height, including A. auriculiformis, L. confertus, L. 
formosana, F. microcarpa and C. cochinchinense. 
Table 7.6 Stomatal conductance (mmol m'^ s"^ ) of 11 different tree and shrub 
species planted bya contractor on Plots TA and TB on T K O Landfill (n=5). 
Species 7/2001 1/2002 t-test Mean Ranking 
Celtis sinensis'" 222 abc ‘ - Hi 11 
Cratoxylum 372 bed 276 ab NS 324 4 
coch inch inense 
Ficus microcarpa 418 cd 244ab * 331 3 
Gordonia axillaris 343 bed 116 a *** 229 7 
Liquidamber formosana 343 bed 185 ab * 264 5 
LUsea glutinosa 206 ab 179 ab NS 193 6 
Schefflera octophylla 192 ab 174 ab NS 183 9 
Schima superba 374 bed 185 ab NS 280 5 
Stercuha lanceolata 136 a 113 a NS 125 10 
Acacia auriculiformis 492 de 368 be 料 430 2 Lophostemon confertus 688 e 566 c NS 627 1 
Mean values followed by the same letter within a column are not significantly different at p = 0.05 
level by the Tukey's HSD test. 
For t-test comparison of summer's and winter's data, NS = not significant; * p<0.05; ** p<0,01; 
™ p<0.001. 
"There was no possible measurement for Celtis sinensis in January 2002, hence no statistical 
comparison was made. 
7.3.5.3 Transpiration rate 
Among the natives, F. microcarpa and L. formosana had the highest 
transpiration rate (Table 7.7), which were comparable to those of the two exotics 
in summer. Plenty of water supply allowed higher transpiration rate m this 
period (Table 2.3). In winter, reduction in transpiration was found in most 
142 
species, though mostly not significant. Abnormally low rainfall during winter 
may be the major reason (Chapter 2). However, the effect of water stress was 
less severe for the older saplings, when compared with the performance of the 
seedlings in Chapter 5. 
Table 7.7 Transpiration rate (mmol m" s" ) of 11 different tree species and shrub 
species planted by a contractor on Plots TA and TB on T K O Landfill (n=5). 
Species 7/2001 1/2002 t-test 
Celtis sinensis 6,87 a - -
Cratoxylum cochinchinense 1.11 a 5.21 be NS 
Ficus microcarpa 9,49 ab 4.42 abc * 
Gordonia axillaris 4.89 a 4.13 abc NS 
Liquidamber formosana 8.38 ab 4.14 abc NS 
Litsea glutinosa 4.60 a 2.43 a NS 
Schefflera octophylla 5.83 a 2.34 a NS 
Schima superba 6.60 a 3.91 ab NS 
Sterculia lanceolata 5.70 a 2.11 a NS 
Acacia auriculiformis 10.23 ab 6.42 c ** 
Lophostemon confertus 14.42 b 6.30 be ^  
Mean values followed by the same letter within a column are not significantly different at p = 0.05 
level by the Tukey's HSD test. 
For t-test comparison of summer's and winter's data, NS = not significant; * p<0.05; ** p<0.01. 
#There was no possible measurement for Celtis sinensis in January 2002, hence no statistical 
comparison was made. 
Better developed root systems enabled the older saplings to explore a greater 
soil volume for water. Nevertheless, natives having transpiration rate higher 
than 4.0 mmol m'^ s"^  in winter were less affected, and they included C 
cochinchinense, F. microcarpa, L. formosana and G. axillaris. Except G. 
axillaris, all these species grew positively in height in all of the three monitoring 
intervals (Table 7.4)。 
7.3.6 Evaluation of different species 
The eleven species were ranked according to the method used in Section 
5.3.6 (Table 7.8). Exotic species (A. auriculiformis and L. confertus) 
outperformed the native species in all three categories. Some natives such as L 
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‘ formosana, F. microcarpa and S. octophylla had survival and growth rates 
comparable to the exotics, though in a lower magnitudes. L. formosama, Ficus 
microcarpa and Schima superba had better ecophysiological responses. These 
four natives are suggested to be better suited for the "recently restored" landfills. 
Table 7.8 Ranking of 11 different species according to different categories. 
Ranking of each category 
Ecophysio 
Survival -logical Overall 
Species rate Growth responses Ranking 
Acacia auriculiformis 1 1 1 1 
Lophostemon confertus 4 2 1 2 
Liquidamber formosana 1 3 5 3 
Ficus microcarpa 3 4 3 4 
Schima superba 5 7 3 5 
Schefflera octophylla 5 5 8 6 
Cratoxylum cochinchinensis 7 6 6 7 
Gordoma axillaris 9 7 6 8 
Litsea glutinosa 5 9 9 9 
Sterculia lanceolata n 10 9 10 
Celtis sinensis 10 10 11 11 
7.3.7 Effects of ages 
The temporal change of survival rate of five native species of age < 1 and 
two years old were compared. A larger proportion of older saplings remained 
alive than the younger seedlings after one year of monitoring. Longer 
development time provided an accumulation of reserves and more extensive 
rooting systems for water extraction during the long, dry winter in the older 
saplings, so that annual mortality would normally decrease with age. For 
example, 95% of S. octophylla and 90% of S. superba died in the first year after 
transplanting in Chapter 5, while only 10% of the two-year old saplings of both 
species died in the third year. S. octophylla, grow much faster once established. 
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The ranges of growth responses were also larger for older trees. Water 
requirement was generally greater for older trees. A larger proportion would die 
if they were subjected to severely dry conditions when water recharge was 
impossible, such as the prolonged drought period which occurred during this 
monitoring exercise. On the other hand, under favorable conditions with 
sufficient water supply and suitable temperature, the larger nutrients reserves and 
better developed root systems of older trees should support faster growth. 
In terms of ecophysiological responses, the older saplings had also better 
performance in chlorophyll fluorescence, stomatal conductance and transpiration 
than the younger ones. 
These results all suggest that the first few years were most critical for native 
tree establishment on closed landfills. Therefore, better arboricultural practices 
should be applied during this initial period, such as adding fertilizer and/or 
organic amendments, weeding and irrigation during drought periods, in order to 
ensure the survival of the planted seedlings in this period. 
7.4 Conclusion 
Among the native species studied, Liquidamber formosana, Ficus 
microcarpa, Schefflera octophylla and Schima superb a were better candidates for 
revegetation with better survival, growth and ecophysiological performance. 
Comparison of plants of different ages suggests that the first few years after 
transplantation are most critical for the successful establishment of the native 
species. 
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Chapter 8 General Conclusions 
8.1 Summary of findings 
The present study was divided into five parts, which aimed at exploring and 
widening the choices of native species for revegetating the “recently restored" 
landfills in Hong Kong, as well as improving their performance by arboricultural 
management. 
The aim of the first part of the thesis was to confirm the absence of landfill 
factors on the "recently restored" landfills and provide the background soil 
information. Therefore, soil conditions of one "recently restored" landfill 
(Tseung Kwan 〇 Landfill (TKO)) were studied with the reference to an "old" 
landfill (Pillar Point Valley Landfill (PPV)). As predicted, the landfill gas problem 
was more severe on PPV than TKO, and there was no leachate contamination on 
TKO. Better soil development occurred on the two sites of T K O (TG98 & TT99) 
than the other site of PPV (PG97), as reflected by the higher organic matter and 
nutrient contents. In general, soils from all three sites were all acidic, and poor 
111 organic matter and nutrients. 
The second part of the thesis was a greenhouse experiment to test the drought 
resistance of twenty native tree species. Twelve of the twenty investigated native 
species were evaluated as more drought resistant in terms of Fv/Fm value and 
standing leaf number. They were Cyclobalanopsis neglecta, Machilus velutina, 
Reevesia thyrsoidea, Schefflera octophylla, Litsea glutinosa, Ormosia emarginata, 
Ormosia pachycarpa, Scolopia chinensis, Schima superba, Sterculia lanceolata, 
Cinnamomum camphora and Ficus microcarpa. Species having the features of 
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being common and/or recommended in afforestation are more likely to be drought 
resistant. 
Eleven of the twelve previously screened drought resistant native species 
were planted on T K O for field evaluation in the third part of the research work. 
S. chinensis was classified as a species with a high potential for revegetation 
because of its high survival and growth rate. The native species {L. glutinosa, F. 
microcarpa, S. superba and S. lanceolata) that performed better in at least one of 
the three categories (survival, growth or ecophysiological responses) were 
considered more suitable for planting on the "recently restored" landfills. 
The fourth part of the research was another greenhouse trial, where eleven 
drought resistant native species were treated with four types of arboricultural 
practice. The results suggest that fertilizer application could improve native 
performance, while the negative effect from co-planted bermudagrass would be 
apparent once this species competed for nutrients from fertilizer during 
establishment. Moreover, the beneficial effect of fertilizer on native seedlings 
diminished gradually and was not long lasting. This indicates the need 
foiTepeated applications. Manure compost exerted a negligible effect on 
seedling growth under the tested application rate, which suggests that a much 
larger quantity per unit area should be used to get an effect equivcJent to using 
fertilizer. 
Another field trial was conducted on T K O in which two-year old saplings of 
nine native species and two exotic species were studied. The better survival, 
growth and ecophysiological performance of Liquidamber formosana, Ficus 
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microcarpa, Schefflera octophylla and Schima superba indicates that these species 
are better native candidates for revegetation on "recently restored" landfills. 
Comparison of plants of different ages suggests that the first few years after 
transplantation would be the most critical to the successful establishment of the 
native species. 
8.2 Further studies 
Due to limited time and resources, the number of species that were 
investigated in the present study was restricted to 20. When considering the 
presence of more than 300 tree species in Hong Kong (Zhuang & Corlett, 1996), 
there is still great scope for further study of suitable candidates for planting on 
restored landfill sites. Moreover, tree planting may not be the only solution to 
restore those recently restored landfills. Using native shrubs may also enhance 
species diversity and species invasion on those landfills, provided that they can 
produce foods and nesting sites for natural wildlife. Therefore it is 
recommendedthat there should be further studies on the performance of shrub 
species on similar soil medium and growth conditions. 
In addition, before starting other planting trial, special consideration could be 
given to select species groups in terms of their botanic features such as the form 
of typical root systems, and whether they are evergreen or deciduous. The 
results of these trials may provide more detailed information on how different 
botanic features could affect the feasibility of planting a particular species on the 
recently restored landfills. Some guidelines should be set up to decide whether a 
new species would be highly potential for revegetation. 
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Ill addition, as the soils on those recently restored landfills are generally very 
poor in both physical and chemical properties. Planted tree seedlings will b e 
directly exposed to full sunlight. Therefore, it is better to avoid tree species that 
are known to be late-successional species for screening, as they are usually less 
resistant to direct sunlight and more nutrient demanding. On the other hand, 
some species such as Rhus chinensis, which are known as pioneer species, are the 
potential species that can be used in revegetation. 
The field trial of the present study was limited to one year but this short 
monitoring period was insufficient to test the while period of seedling 
establishment, A longer monitoring should be given to provide a more 
completed picture. For example, the prolonged dry period which appeared 
during the study period was unusual in Hong Kong. Poor performance of 
particular planted species such as Schima superba, in terms of survival rate, does 
not necessarily mean that such species cannot establish on the recently restored 
landfill. On the other hand, less than 10% of the two-year old saplings of 
Schima superba died in the same period, which suggests that if this species could 
survive the initial one or two dry seasons, it would be less affected by these 
abnormal circumstances. 
Four arboricultural practices were applied to selected species in the present 
study to evaluate their effectiveness in improving plant performance. The results 
demonstrate that fertilizer application could significantly increase plant growth 
and also indicate the need for repeated applications. Further research could be 
conducted to optimize the dosage of each application, and the application intervals. 
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Moreover, study of weeding practices could also provide the information on 
designing the most cost effective weeding practice. 
In addition, the roles of native species on ecosystem development were not 
investigated in the present study. It will be useful to study the role: of the native 
species in enhancing the species diversity and species invasion on restored sites. 
For example, seed bank studies could be conducted to test if planted species could 
increase total seed number, which is an indicator of the intensity of species 
invasion. Insect and bird survey are other studies that could be used to 
investigate how trees could attract natural wildlife. 
More importantly, the present study reconfirmed the fact that the commonly 
used exotic species such as Acacia auriculiformis and Lophostemon confertus are 
better suited in revegetation these landfills, in terms of all categories, including 
growth, survival and ecophysiological responses. However, it does not 
necessarily mean that native species are less preferred, what we need is not only a 
green cover, but also a fully functioned, self-substainable ecosystem. It is 
possible that those fast growing exotic species can be co-planted with those 
screened species, which can provide a vegetation cover quickly and modify the 
microclimate, and at the same time the native species can be benefited from the 
improved microclimate and soil. Therefore, further studies should be given on 
the interaction of mix-planting of native and exotic species, and determine what is 
the suitable ratio of exotic species to native species for revegetation. 
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